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Page 4, l i n e  1; fo r :  southwestern
read:  so u th e a s t e rn
Page 12, l i n e  2; r eads :  d e t r i t a l  o r  d i a g e n e t i c  m in e ra l s .
should read:  d e t r i t a l  or  d i a g e n e t i c  siLlfi.de m in e ra l s .
Page 17, l i n e  15; fo r :  massive 
r ead :  marine
Page 18, l i n e  2; r eads ;  and may be d im in ish ing
should read:  and th e  q u a r t z i t e s  may be d im in ish ing
Page 19, l i n e  17; fo r ;  Bands o f  an anhedra l ,  
r ead;  Bands o f  anhedra l
Page 19, l i n e  19; f o r :  mosaic 
read :  m a t r ix
Page 26, l i n e  4; fo r :  grade
read:  grades
Page 35, l i n e  12; fo r ;  They 
read:  The
Page 39, l i n e  7; f o r ;  (Fig .  2)
read :  (F ig .  3)
Page 43, l a s t  l i n e  o f  t a b l e ;  r eads ;  Base conformable to Wallace format ion
should read;  Base conformable on Wallace format ion
Page 46, l i n e  18; f o r :  d i f f e r e n t i a t e d
read :  u n d i f f e r e n t i a t e d
Page 47, l i n e  16; fo r :  m i c ro s co p ica l ly  
read:  macroscop ica l ly
Page 53, l i n e  3; f o r :  sen tence  beginning Column 2 i s  the average com posi t ion—
read ;  Column 2 i s  th e  average composit ion o f  a normal 
t h o l e i i t i c  b a s a l t  and Column 3 i s  th e  average 
composit ion of  a normal a l k a l i  b a s a l t  (Nockolds,
1954, p. 1021).
Page 58, l i n e  18; fo r :  p r o j e c t i o n  in Canada.
read:  p r o j e c t i o n  of  t h i s  zone in Canada.
Page 61, l i n e  25; f o r :  throughout  s t r i n g e r s
read :  th roughout s t r i n g e r s  of
Page 62, l i n e  2; fo r :  was
read:  were
E rra ta  Sheet con tinued
Page 32, l i n e  10; add t h i s  sen tence  a f t e r  th e  word Mountains; There i s  genera l
agreement among g e o l o g i s t s  t h a t  the G r in n e l l  and
Appekunny a r g i l l i t e s  of  G la c i e r  Park and th e  F la thead
reg ion  a re  e q u iv a le n t  to th e  Rava l l i  group as exposed 
in th e  Cabinet  and Pu rce l l  mountains.
Page 54, add t h i s  paragraph at  bottom of  page:
The P u r c e l l  lavas  a re  cons ide red  to be g e n e t i c a l l y  r e l a t e d  to th e  P u r c e l l
s i l l s  because  o f  (1) th e  s i m i l a r i t y  in composit ion  and ( 2 ) - th e  absence  o f
r e l a t e d  i n t r u s i v e  rock  o v e r ly in g  th e  l a v a s .  B i o t i t e  samples from P u r c e l l
s i l l s  in s o u th e a s t e rn  B r i t i s h  Columbia g ive  ages o f  558 to 635
m i l l i o n  years  wi th th e  l a t t e r  f i g u r e  being assumed to In d ic a t e  t ime o f
i n t r u s i o n  (Hunt, I 9 6 0 ) . '  P i l lo w  s t r u c t u r e s  are common in the  lavas  in ad j a c e n t
a rea s  and t h e  p resence  o f  t h i n  beds of  a r g i l l i t e  between f lows s t r o n g ly  sugges t
t h e  some, i f  not a l l ,  o f  th e  lava was ex t ruded  i n t o  th e  shal low w ate rs  o f  the
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ABSTRACT
In the  NW 15-minute Ural  quadrangle  50 mi les  nor th  of Libby in 
Lincoln County, Montana, about  14,000 f e e t  of  Bel t  s t r a t a  a re  exposed.
The p r e - R a v a l l i ,  R ava l l i  and Piegan groups are  recognized .  L i th o lo g i e  
u n i t s  a re  d i s t i n c t  and are  c o r r e l a t i b l e  with  the G la c i e r  Park and Libby 
quadrangle s t r a t i g r a p h i e  s e c t i o n s .  S p e c i f i c a l l y ,  the P r icha rd  format ion 
i s  be l ieved  e q u i v a l e n t  in p a r t  to  the Altyn fo rm at ion .  The Wallace forma­
t i o n  (b e l i e v e d  e q u iv a le n t  to  Piegan group of  the Fentons)  i s  subdivided 
in t o  a lower g r a y - i s h - g r e e n  a r g i l l i t e ,  a middle b lue -g ray  l imes tone  u n i t  
( e q u iv a l e n t  to  the Siyeh format ion  of Ross) ,  and an upper g r e e n i s h - g r a y  
a r g i l l a c e o u s  q u a r t z i t e  u n i t  which inc ludes  the P u r c e l l  lavas and the  
o ve r ly ing  Shepard fo rmat ion  a t  the  top .  A h i a t u s  of  unknown magnitude 
occurs between the P u r c e l l  lavas  and the  Shepard fo rmat ion .
The P r i c h a rd  formation i s  c h a r a c t e r i z e d  by euhedra l  b i o t i t e ,  c h l o r i -  
t o i d  and g a rn e t  p o rp h y ro b la s t s  and i s  l o c a l l y  modera te ly  r e c r y s t a l l i z e d ,  
but  sed im en tary  s t r u c t u r e s  are not  deformed.  Octahedra of secondary 
m agneti te  occur in R ava l l i  and younger ro c k s .  Though mild,  the i n t e n s i t y  
of  metamorphism i n c re a s e s  in o lde r  fo rm at ions .
The B e l t  s t r a t a  have been broad ly  fo lded  and broken by h igh -ang le  
f a u l t s  d u r ing  the Laramide orogeny. Secondary m agnet i t e  oc tahedra  con­
c e n t r a t e d  on j o i n t  su r faces ,  and an e r o s i o n a l  unconformity a t  the top of  
e x t r u s i v e  P u r c e l l  lavas  imply mild pre-Laramide deformation ,  some of 
which i s  Late Precambrian.
The C o r d i l l e r a n  ic e  shee t  b lanke ted  the  a rea  dur ing  Late P l e i s t o ­
cene,  Mel twater  from younger c i rque  g l a c i e r s  on the e a s t  f l a n k  of the 
P u r c e l l  mountains formed i c e -m arg in a l  lakes  along the  r e s t r i c t e d  piedmont 
g l a c i e r  t h a t  occupied the Rocky Mountain Trench,
INTRODUCTION
The p re v io u s ly  unmapped NW 15-minute Ural quadrangel  i s  c h a r a c t e r i z e d  
by a th i c k  sequence of  Late Precambrian Belt  sediments th a t  were g e n t ly  
folded and f a u l t e d  dur ing  the Laramide orogeny.  S t r a t e g i c a l l y  loca ted  
between the Cabinet  Range and P l a c i e r  Park (F ig .  2),  the map a rea  provides  
c r i t i c a l  ev idence  fo r  r e g io n a l  c o r r e l a t i o n  of  s t r a t i g r a p h i e  u n i t s  of the 
Bel t  s e r i e s  of  nor thw es te rn  Montana. The area  was s tud ie d  as p a r t  of a c u r ­
r e n t  f i v e - y e a r  program of r e g io n a l  reconna is sance  geo log ic  mapping and 
minera l  r e s o u rc e  i n v e s t i g a t i o n  in the K oo tena i -F la thead  area d i r e c t e d  by 
the Montana Bureau of  Mines and Geology.  The p r o j e c t  i s  sponsored by the 
Great  Northern Railway Company and the P a c i f i c  Power and Light  Company. In 
mapping the  geology of t h i s  a rea ,  the w r i t e r  aimed to  co n s t ru c t  an acc u ra te  
g eo log ic  map, compile s t r a t i g r a p h i e  and s t r u c t u r a l  in form at ion ,  and e v a l u a t e  
mineral  r e s o u rc e s  in the a rea .
Locat ion  and A c c e s s i b i l i t y ; The area  mapped, approximately 200 square 
m i les ,  i s  the nor thwes te rn  15-minute quadrangle  of  the 30-minute Ural  
quadrangle,  which i s  loca ted  in Lincoln County of  nor thwes tern  Montana (Fig 1).  
The map a rea  l i e s  on the ea s te rn -m o s t  f lank  of the  P u rc e l l  Mountains of 
Montana and i s  bounded on the e a s t  by a l a rg e  topograph ic  dep re s s ion  known '
as the  Rocky Mountain Trench,  on the south by the e a s t - f l o w in g  p o r t i o n  of
Big Creek,  on the west by the 115® 30* lo n g i t u d i n a l  merid ian ,  and on the 
nor th  by the I n t e r n a t i o n a l  Boundary. The area  can be reached v ia  S t a t e  High­
way No, 37 which p a r a l l e l s  the Kootenai River  and l i n k s  Libby and Rexford, 
Montana. Many secondary F o re s t  Serv ice  and logging roads lead ing from 
Highway No. 37 prov ide easy access to most of the map area  (see  P l a t e  1)
and, with a few ex ce p t io n s ,  are passab le  with modern ca rs  dur ing summer months.
FIGURE 1 . --INDEX MAP OF MONTANA
Topography: The P u rc e l l  Mountains t r e n d  in  a no r th -n o r th w es t  d i r e c t i o n
p a r a l l e l  t o  the genera l  s t r i k e  of  the  r eg io n a l  s t r u c t u r e .  Within the map 
area  the se  mountains e x h i b i t  a compara t ive ly  subdued topography,  al though 
the r e l i e f  i s  c o n s id e ra b le  and the s lopes  are  g e n e r a l l y  q u i t e  s t e e p .  The 
prominent ,  high n o r th - t r e n d in g  r i d g e  c e n t r a l l y  lo c a ted  in the map a rea  a c t s  
as a pronounced d ra inage  d i v i d e .  Th is  d iv id e  i s  the summit r id g e  o f  a p h y s i ­
ographic  u n i t  w i th in  the P u r c e l l  Mountains c a l l e d  the  McGill ivray  Range by 
Daly (1912) .  Streams e a s t  of the  d iv i d e  d r a i n  d i r e c t l y  in to  the  south -  
f lowing Kootenai  R ive r ,  and west of  the  d i v i d e  f low in  a gene ra l  w e s te r ly  
d i r e c t i o n  i n t o  the Yaak River which empties i n t o  the Kootenai River near  
the Montana-Idaho b o rde r .  Peaks on the  main r i d g e  r i s e  to an average of  
6,000 to 7,000 f e e t ,  the h ig h e s t  o f  which i s  Robinson Mountain a t  7,500 
f e e t  above sea l e v e l .  The more subdued r id g e s  r i s e  t o  e l e v a t i o n s  o f  5,000 
to  6,000 f e e t .  The stream v a l l e y s  a re  approxim ate ly  1/4 to  1/2 mi le  wide
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and commonly reach depths exceeding 2 , COO f e e t  below ad jacen t  r id g e  tops .
Stream g r a d i e n t s  are s teep  and l o c a l l y  exceed 800 f e e t  per  mi le .  The lowest 
point of  e l e v a t i o n  i s  approximate ly  2,300 f e e t  where the Kootenai River  
leaves the map a rea .
F ie ld  Work; F i e l d  work was reconna issance  in  na tu re  and was done durr  
ing the months of  June,  J u ly ,  August and September, 1960. Geology was 
p lo t t e d  d i r e c t l y  on F o re s t  S e rv ice  p la n im e t r i c  maps ( s c a l e ;  1 inch = 1/2 mile)  
by comparison of  topography and d ra inage  with the aid of a e r i a l  photographs 
and F o re s t  Serv ice  topograph ic  shee ts  ( s c a l e :  1 inch = 4 m i le s ,  200 fo o t  
contour i n t e r v a l ) .  S tandard  g e o lo g ic a l  f i e l d  mapping techniques were employed. 
All major r id g es  in the a rea  were t r a v e r s e d ,  al though in many cases ou tc rops  
were obscured over la rge  a rea s  by a t h i c k  mantle of r e s i d u a l  s o i l  and 
v e g e t a t i o n .  Most of the v a l l e y s  and s u b s id ia ry  r i d g e s  are veneered with 
g l a c i a l  t i l l  which support s  th i c k  v i r g i n  stands of ponderosa p ine ,  spruce 
and a secondary growth of  f i r  and lodgepole p ine .  Although geo log ic  f i e l d  
mapping was seve re ly  handicapped by the cover,  lo c a t io n  o f  fo rm at iona l  
boundar ies i s  cons idered  to be reasonab ly  a c c u ra t e .  Much of the in fo rm at ion  
concerning the P r icha rd  format ion was ob ta ined  while mapping in the ad jacen t  
nor th  h a l f  of  the 30-minute Yaak River  quadrangle dur ing  the l a t t e r  p a r t  
of September.
Previous  F ie ld  Work: P rev ious  f i e l d  work in  the map area i s  l im i ted
to reconna issance  surveys made by Daly (1912) who mapped a narrow s t r i p  
along the 49th p a r a l l e l ,  and by Calkins and MacDonald (1909) who made a 
h u r r i e d  t r i p  up the East  Fork of  the Yaak River to the head of  Caribou 
Creek where they observed the P u rc e l l  la vas .  Scho f ie ld  (1915) and Leech
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(1958, 1960) have mapped the geology o f  southwes te rn  B r i t i s h  Columbia. In 
nearby a rea s  Gibson (1948) mapped the geology of the Libby quadrangle in 
d e t a i l  and Alden (1953) has made s i g n i f i c a n t  c o n t r i b u t i o n s  concerning P l e i s t o ­
cene g l a c i a t i o n  in nor thw es te rn  Montana. In fo rm at ion  der ived  from Lamber t 's  
geo log ic  reconna is sa nce  mapping of  Lincoln and F la th ead  Counties w^s used to  
compile the S t a t e  Geologic Map of Montana. Johns (1959|', 1960) has r e c e n t l y  
completed reconna issance  g e o l o g ic a l  surveys of  the  south h a l f  of the 30- 
minute Yaak R ive r  quadrangle  and the 30-minute Thompson Lakes quadrangle .
F ie ld  work fo r  s i m i l a r  surveys  of  the no r th  h a l f  of the  Yaak River quadrangle  
and the south h a l f  of  the Ural quadrangle  was completed by Johns du r ing  the 
1960 f i e l d  season .  D. Sommers (unpublished  M a s t e r ' s  t h e s i s .  U n iv e r s i t y  of  
Rochester)  mapped the  NE 15-minute Ural quadrangle .
Acknowledgements : The w r i t e r  wishes to acknowledge the a s s i s t a n c e  of
s ev e ra l  i n d i v i d u a l s  in c lu d in g  the Montana Bureau of  Mines and Geology f o r  
f i n a n c i a l  suppor t ;  Dr.  Will iam J .  McMannis, Montana S t a t e  Col lege ,  fo r  
he lp fu l  c r i t i c i s m  and d i s c u s s i o n  of  the o r i g i n a l  manuscript  and o th e r  phases 
of the i n v e s t i g a t i o n ,  in c lu d in g  d i s c u s s io n s  in the  f i e l d ;  Drs.  Robert J .  F o s t e r  
and John de la  Montagne of  Montana S t a t e  Col lege fo r  c r i t i c a l l y  r ead ing  the 
o r i g i n a l  m anuscr ip t ;  Dr.  Nicholas  Helburn of  Montana S t a t e  College fo r  
making funds a v a i l a b l e  f o r  c e r t a i n  phases of the i n v e s t i g a t i o n ;  W i l l i s  M.
Johns of  the Montana Bureau of  Mines and Geology, and Dave Sommers, graduate  
s tuden t  a t  the  U n iv e r s i t y  of  Roches ter ,  New York, fo r  h e lp fu l  d i s c u s s io n s  in 
the  f i e l d .  Also, the  w r i t e r  i s  deeply  indebted  to  h i s  wife f o r  her  encourage­
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Geoniorpholoov and G l a c i a t i o n : The mature topography of the P u r c e l l
Mountains i s  p r im a r i l y  the r e s u l t  of  p r e - g l a c i a l  s tream e ros ion  which deeply 
d i s s e c t e d  a broad mountain range formed by r e g io n a l  tectonism t h a t  occurred  
during the Laramide orogeny.  Subsequent s treams in the map a rea  are 
d e n d r i t i c  in  n a tu re  and l o c a l l y  appear to  be s t r u c t u r a l l y  c o n t r o l l e d .  
Examples of what may be s t r u c t u r a l l y  c o n t r o l l e d . d r a i n a g e  are Dodge Basin 
and Good Creeks,  and the s o u th eas t - f lo w in g  s e c t io n  of Young Creek.  An 
immense mountain ice shee t  modif ied  the subdued topography and many of the 
e x i s t i n g  geomorphic f e a t u r e s  such as c i rq u e s ,  t i l l  d ep o s i t s  and kame 
t e r r a c e s  are d i r e c t l y  r e l a t e d  to Late P le i s t o c e n e  g l a c i a t i o n .
As d i scu ssed  below, two phases of Late P l e i s t o c e n e  g l a c i a t i o n  are 
recognized in the map a rea .  E l e v a t io n s  of g l a c i a l  s t r i a e  on bed-rock  imply 
tha t  the southward-f lowing C o r d i l l e r a n  ice  shee t  covered a l l  but  the h igher  
peaks of  the P u rc e l l  Mountains dur ing the i n i t i a l  phase of g l a c i a t i o n .  The 
ice  in the h ighe r  s tream v a l l e y s  averaged 2,500 f e e t  in depth,  and was 
approximate ly  5,000 f e e t  deep in the Rocky Mountain Trench near  the I n t e r ­
n a t io n a l  Boundary (Daly,  1 9 1 2 , .p. 585-587) .  Sou thw es t - t rend ing  g l a c i a l  
s t r i a t i o n s  were noted a t  e l e v a t i o n s  of 6,000 f e e t  on Webb Mountain and 
ad jacen t  r i d g e s ,  and Daly observed g l a c i a l  s t r i a e  a t  a maximum e l e v a t i o n  of 
7,100 f e e t  along the boundary.  Discontinuous  pa tches  o f  g l a c i a l  t i l l  and 
e r r a t i c s  c o n s i s t i n g  of Pa le o zo ic  sedimentary rocks and Late Mesozoic (?) 
igneous rocks were found a t  e q u a l ly  high e l e v a t i o n s .  The most im press ive  
e r r a t i c  i s  a p o r p h y r i t i c  q u a r t z  monzonite boulder,  exceeding 15 f e e t  in 
d iamete r ,  t h a t  has been l e t  down in to  the bottom of Young Creek.  Since no 
j)iisL-lîeIt sod imcMilary or igneous rocks occur in Lhe a rea ,  t h i s  t i l l  is  be­
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l ieved  to  have been d e p o s i t e d  by the C o r d i l l e r a n  i c e  shee t  which c a r r i e d  the 
d e b r i s  southward from Canada. The q u a r t z  monzonite boulder  was probab ly  
qua r r ied  from s tocks  occur r ing  some 50 mi les  nor th  of the boundary.
During the l a t e r  phase of  g l a c i a t i o n ,  small v a l l e y  g l a c i e r s  carved out 
poorly  developed c i rque s  along the summit r i d g e .  I t  i s  not p r e s e n t l y  known 
whether the c i rque s  were formed as p a r t  of the  r e c e s s i o n a l  phase of  the 
C o rd i l l e r a n  ic e  shee t  or  i f  they developed dur ing  a l a t e r  s tage  of  g l a c i a ­
t i o n .  The c i rque s  are  f loo red  wi th a th i c k  cover of f r e s h - lo o k in g  t i l l  
c h a ra c te r i z e d  by angula r  bou lde rs  of the  loca l  B e l t i a n  rock type .  The f l o o r s  
of s e v e ra l  independent  c i rque s  in  the a rea  occur a t  c o n s i s t e n t  a l t i t u d e s  of 
4,400 to  4,800 f e e t ,  thus approximating the orograph ic  snowline t h a t  e x i s t e d  
a t  the  time the c i rques  were formed.  In p r o f i l e ,  the p r e s e n t  s tream v a l l e y s  
are c h a ra c te r i z e d  by the usual  U-shaped c r o s s - s e c t i o n  of  g l a c i a l  v a l l e y s  
above the snowline,  and by the V-shaped c r o s s - s e c t i o n  of  s tream-eroded  v a l l e y s  
in t h e i r  lower p a r t s .
A kame t e r r a c e  con ta in ing  l a c u s t r i n e  s i l t s  and c lays  occurs on Young 
Creek a t  an e l e v a t i o n  o f  3,400 f e e t .  S t r a t i f i e d  and so r ted  outwash g r a v e l s ,  
approximate ly  100 f e e t  above the creek-bot tom, occur along the V-shaped 
canyon below the  c i rque  f l o o r  a t  the  head of  young Creek and upstream from 
the lake d e p o s i t s .  The im p l i c a t i o n  i s  t h a t  a small lake formed on the . 
d ra inage  when meltwate r  from the c i ruqe  g l a c i e r s  was blocked by morainal  
d e b r i s  and ic e  of  the piedmont g l a c i e r  t h a t  occupied the Rocky Mountain 
Trench.  The l a t t e r  g l a c i e r  i s  c a l l e d  the F la thead  g l a c i e r  by Alden (1953, 
p. 115).  Although the ev idence i s  not  as conc lus ive ,  topography sugges ts  
t h a t  kame t e r r a c e s  a l so  occur on the Dodge Creek and S u l l i v a n  Creek d r a in a g e s .
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The road leading from Dodge Creek to Young Creek fo l lows  a narrow 
canyon t h a t  i s  about 100 f e e t  in depth and presumably guided the o u t l e t  
stream from the ice-dammed la ke .  S im i la r  sharp no r th -  n o r th w e s t - t r e n d in g  
canyons are cu t  in bed-rock  along the western edge of the Rocky Mountain 
Trench between Dodge and S u l l i v a n  Creeks.  These small canyons a re  be l ieved  
to have been cut by ice  marginal  s treams t h a t  connected the ice-dammed 
lakes and c a r r i e d  the voluminous meltwater  southward between the mountain 
f ron t  and the piedmont g l a c i e r  to the " P le i s to c e n e "  Kootenai River .
As the ic e  in the Trench r e t r e a t e d ,  the d ra inage  began a per iod  of 
local  r ead ju s tm en t .  The ic e -m arg ina l  lakes  were d ra ined  and subsequen t ly  
t h e i r  s i l t s  were d i s s e c t e d .  In p r e - g l a c i a l  time Dodge Creek and Young 
Creek probably  flowed d i r e c t l y  eastward in to  the a n c e s t r a l  Kootenai R iver .  
The ir  s tream channels  e a s t  of the mountain f r o n t ,  l a t e r  f i l l e d  with g l a c i a l  
d e b r i s ,  are now being exhumed by t h e i r  r e s p e c t iv e  s treams.  As i t  leaves 
the mountain f r o n t .  Dodge Creek tu rn s  sharp ly  to the s o u th e a s t ,  then flows 
n o r th e a s t  and e a s t  to  the Kootenai R ive r .  Where the road c ro s s e s  i t .  Dodge 
Creek i s  i n c i s e d  approxim ate ly  8 f e e t  i n t o  unconso l ida ted  g l a c i a l  d e b r i s .  
Before r e c e n t  capture  a t  t h a t  p o in t  by the stream t h a t  was ex ca v a t in g  the 
p r e - g l a c i a l  Dodge Creek channe l .  Dodge Creek appa re n t ly  flowed southeas tward 
in what i s  now an i n t e r m i t t e n t  s tream ca l l e d  Pover ty  Creek.  The p r e s e n t  
n o r th w es t - t r e n d in g  p o r t i o n  of  the Dodge Creek road p a r a l l e l s  t h i s  d ra inage  
(see P l a t e  1) .
In a d d i t io n  to the f o s s i l  lakes  on e a s t - f l o w in g  d r a in a g e s ,  a m e l t ­
water  lake formed a g a in s t  moraina l  d e b r i s  on Basin Creek,  E v en tu a l ly  the 
n a tu ra l  dam was breached and the lake was dra ined  leav ing  what i s  now a w e l l -
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preserved lake bottom.
A s e r i e s  of a l l u v i a l  t e r r a c e s  ex tending  to approximate ly 300 f e e t  above 
the Kootenai River  are p rese rved  a t  the mouth of Su t ton  Creek.  J u s t  above 
the mouth of  Gold Creek, Highway No. 37 was b u i l t  on a g rave l -veneered  
bed-rock t e r r a c e  some 50 f e e t  above the p re s en t  r i v e r .  The Quate rnary  
e ro s iona l  h i s t o r y  of  the Kootenai River was c o n t r o l l e d  by P l e i s t o c e n e  g l a ­
c i a l  even t s  occur r ing  many m i les  downstream and i s  too complex to  d e s c r ib e  
here.  Alden (1953) d i s c u s s e s  the  l a t e  Cenozoic g e o l o g i c ' h i s t o r y  of the 
r i v e r  in  more d e t a i l .
REGIONAL GEOLOGY
Northwestern  Montana i s  u n d e r la in  by an ex t remely  th ick  sequence of 
s t r a t a  c o n s i s t i n g  e s s e n t i a l l y  of  q u a r t z i t e s ,  a r g i l l i t e s  and ca rbona tes  
which, by d e f i n i t i o n  (Wilmarth, 1925, p. 108-112),  are p a r t  of  the Bel t  
s e r i e s  of Late Precambrian age.  This  sequence of sediments i s  g e n e r a l ly  
d iv ided  i n t o  the p r e - R a v a l l i ,  R a v a l l i ,  Piegan and Missoula groups in ascend­
ing o rd e r .  Loca l ly ,  the groups are  subdivided  i n t o  fo rm at ions .  As d i scussed  
l a t e r  in t h i s  paper,  r eg io n a l  c o r r e l a t i o n  of  the Bel t  s t r a t i g r a p h y  i s  not 
c o n s i s t e n t .  A maximum of approx imate ly  40,000 f e e t  of Bel t  sediments are 
exposed in  the v i c i n i t y  of  Libby,  Montana with  an unknown th i c k n e s s  con­
cealed a t  the base and eroded a t  the top .  With a few excep t ions  in  which 
Pa leozo ic  sediments have been t rapped by f a u l t i n g  and p reserved ,  p os t -  
Be l t i an  sediments have been complete ly  eroded.  T e r t i a r y  sediments may be 
p resen t  in  the Rocky Mountain Trench and P l e i s t o c e n e  g l a c i a l  d e b r i s  occurs  
in a l l  the l a r g e r  v a l l e y s .  Both i n t r u s i v e  and e x t r u s i v e  igneous rocks  of  
La'Jfe Precambrian age occur in nor thwes te rn  Montana as do a few Late Mesozoic
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(?) and T e r t i a r y  (?)  a c i d i c  i n t r u s i o n s .
S t r u c t u r a l l y ,  nor thwes te rn  Montana i s  c h a r a c t e r i z e d  by numerous broad,  
nor th -  n o r th w e s t - t r e n d in g  open fo ld s  in the Be lt  sediments.  The f o l d s ,  
ranging from 1 to more than 10 miles  in l eng th ,  are commonly cut  a t  or near  
the c r e s t s  of  a n t i c l i n e s  and the troughs of  sync l ines  by h igh -ang le  lo n g i ­
tud ina l  f a u l t s .  Many of the f a u l t s  can be t r a c e d  fo r  tens of  mi les  and 
commonly d i s p l a c e  sediments 3,000 f e e t  or more s t r a t i g r a p h i c a l l y , and 
l o c a l l y  as much as 26,000 f e e t  (Gibson, 1948, p. 41) .  A system of younger 
n o r th e a s t -  and n o r th w e s t - t r e n d in g  t r a n s v e r s e  f a u l t s  which g e n e r a l l y  o f f s e t  
fold axes has been mapped by Johns (1959, 1960) and o th e rs .  The major 
fo ld ing  and f a u l t i n g  i s  cons idered  by most g e o l o g i s t s  to have occurred  
dur ing  the Laramide orogeny,  which i s  of Late Cretaceous to E a r ly  T e r t i a r y  
age in western Montana. T ec ton ic  a c t i v i t y  continued throughout  T e r t i a r y  
time and may be con t inu ing  s p o r a d i c a l l y  a t  the p resen t  time.
STRATIGRAPHY
All s t r a t a  exposed in  the NW 15-minute Ural quadrangle are p a r t  of  the 
Belt s e r i e s  and t o t a l  approxim ate ly  14,000 f e e t  in th ick n ess .  In ascending 
order ,  the p r e - R a v a l l i ,  R av a l l i  and Piegan groups (as  used in t h i s  paper) of 
the Bel t  s e r i e s  are r ecogn ized .  N e i th e r  the base of the  P r icha rd  format ion 
nor the top of  the Shepard format ion  was observed in the  a rea .  Unconsoli­
dated Quaterna ry  sediments inc lude  al luvium and widely d i s t r i b u t e d  P l e i s t o ­
cene g l a c i a l  t i l l .
Conformably ove r ly ing  the P u r c e l l  lavas  are an es t imated  600 f e e t  of  
q u a r t z i t e s ,  s i l t y  do lomites  and a r g i l l i t e s .  Daly (1912) mapped t h i s  sequence 
as being e q u i v a l e n t  to  h i s  Gateway format ion of the Galton Range, a
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physiographic  u n i t  on the west s ide of and now inc luded  in the W hi te f i sh  
Range (F ig .  2 ) ,  He a l so  be l ieved  t h a t  the lower p a r t  of the Gateway was 
equ iva len t  to the Shepard format ion of G la c i e r  Park,  The w r i t e r  concurred 
in t h i s  conc lus ion  and mapped t h i s  sequence of  rocks  as the ba sa l  p a r t  of 
the Missoula group (see  P l a t e  I ) .  This  was c o n s i s t e n t  with concurren t  
mapping in a d jacen t  a r e a s .  However, as the r e s u l t  of a more thorough 
research  of l i t e r a t u r e  subsequent to  the p r i n t i n g  of the geo log ic  map 
included with t h i s  paper,  the w r i t e r  now b e l i e v e s  t h a t  the Shepard forma­
t ion  should be p laced at  the top of  the Piegan group, and the Missoula 
group as def ined  in the t e x t  of t h i s  paper ,  i . e . ,  the K in t l a  fo rm a t ion ,  
S t r ip e d  Peak fo rmat ion  and ove r ly ing  u n i t s ,  does not  occur in the a rea .
The reade r  i s  r e f e r r e d  to the s e c t i o n  on Regional  C o r r e la t io n  of  Be lt  
Sediments in  nor thw es te rn  Montana f o r  more e x p l i c i t  d e t a i l s .
For the most p a r t ,  the Bel t  s e c t i o n  i s  poor ly  exposed and outqrops  
are r a r e l y  cont inuous  fo r  a p p rec iab le  d i s t a n c e s .  T here fo re ,  in fo rm at ion  
concerning l i t h o l o g i e  u n i t s  i s  piecemeal ,  but d e s c r i p t i o n s  are be l ieved  to 
be r e p r e s e n t a t i v e .  Thicknesses  of rock u n i t s  were obta ined  g r a p h i c a l l y  
by p l o t t i n g  fo rm at iona l  boundar ies  on a topograph ic  map and a re  a p p ro x i ­
mate,  Depending on the p ro p o r t i o n a l  amounts of  q u a r t z  and a r g i l l i t e ,  the 
fo l lowing terms are commonly used in d e s c r i b i n g  rock types :  q u a r t z i t e ,  
a r g i l l a c e o u s  q u a r t z i t e ,  q u a r t z i t i c  a r g i l l i t e  and a r g i l l i t e .  In t h i s  paper,  
the w r i t e r  uses the term q u a r t z i t e  to r e f e r  to a r e c r y s t a l l i z e d  rock c o n ta in ­
ing p r im a r i l y  q u a r t z  g r a in s  t h a t  r a r e l y  exceed 0 .2  mm in d ia m ete r .  Th is  i s  
c o n s i s t e n t  with te rminology used by most g e o l o g i s t s ,  but the rock would 
l o g i c a l l y  be c a l l e d  a s i l t i t e .  Color d e s ig n a t io n s  are based on the Rock
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Color Chart  of the Geologica l  S oc ie ty  of America (Goddard, 1951).
In g e n e ra l ,  the B e l t i a n  environment was t h a t  of  a v a s t ,  f e a t u r e l e s s  
p la in ,  void of v e g e ta t i o n ,  in what probably was p r e v a i l i n g  mois t ,  warm c l i ­
mate. Run-off  water  from t o r r e n t i a l  r a i n s  spread s h e e t - l i k e  over l a rge  a rea s ,  
thus enhancing e ro s io n  and t r a n s p o r t a t i o n  of sediments .  These sediments,  
poss ib ly  o r i g i n a l l y  der ived  from a metamprohic t e r r a i n  exposed to  the west 
and nor th ,  were l a id  down in the  slowly subs id ing  Rocky Mountain geosync l ine .  
The seas fo r  the most p a r t ,  were q u i t e  shallow and d i sc o n t in u o u s ,  and s h i f t e d  
from.area to a rea  as t h e i r  b a s in s  were f i l l e d  by mud and s i l t .  Mild reg iona l  
warping probably  c o n t r ib u te d  to the mig ra t ion  of the sea s .  O ccas iona l ly ,  
in the absence of  abundant mud d e p o s i t i o n ,  ca lca reous  d e p o s i t s  were p r e c i p i ­
ta ted  on the sea f l o o r s .  The only l i f e  known to have e x i s t e d  was l im i t e d  to 
algae and b a c t e r i a .
P re -R ava l l i  Group: The p r e -R a v a l l i  group inc ludes  the P r i c h a rd  forma­
t ion  of which only the upper 1,500 f e e t  ( e s t im a ted )  i s  exposed along Big 
Creek in the southwest co rner  of the map a rea .  P r icha rd  rocks are a l so  
exposed a t  the mouth of S u l l i v a n  Creek where they occur in  the core of the 
no r th -  n o r th w es t - t r e n d in g  a n t i c l i n e .
The P r icha rd  formation c o n s i s t s  of  a homogeneous sequence of t h i n -  to 
medium-bedded, evenly bedded, g ra y i s h -b la c k  and dark-  to medium-gray a r g i l l i t e  
and q u a r t z i t i c  a r g i l l i t e ,  A few in terbedded l i g h t - g r a y  q u a r t z i t e s  were noted.  
Most of the P r icha rd  rocks  con ta in  randomly o r i e n t e d  euhedra l  b i o t i t e  por ­
phyrob las t s  up to 3 mm in d ia m e te r .  Many of the da rk -g ray  q u a r t z i t i c  a r g i l ­
l i t e s  are c h a ra c te r i z e d  by small  anhedra l  b lebs  of p y r r h o t i t e  t h a t  tend to  be 
al igned p a r a l l e l  to  bedding; t e x t u r a l  r e l a t i o n s h i p s  under a p é t ro g ra p h ie
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microscope i n d i c a t e  t h a t  the p y r r h o t i t e  i s  secondary and most l i k e l y  
r e c r y s t a l l i z e d  from d e t r i t a l  or  d ia g e n e t i c  m in e ra l s .  These rocks  commonly 
emit a s t rong  su l fu ro n s  ordor  from f re s h  f r a c t u r e s .  The presence  of  excess  
su l fu r  in these  sediments i s  unique and may r e f l e c t  the  a c t io n  of  anae robic  
b a c t e r i a  in  a s t a g n a n t ,  shal low sea or  t i d a l - f l a t  envi ronment.  Euhedral 
po rphy rob las t s  of  i l m e n i t e  up to  1,5 cm in leng th  are  common on bedding 
su rfaces  of  s l a t y  q u a r t z i t i c  a r g i l l i t e .  The P r i c h a rd  format ion weathers  
to a d i s t i n c t  very  d a rk - red  co lo r  and in  new road cu t s ,  r a p i d l y  weathers  to 
a reddish-brown or r u s t  c o l o r .  This  c h a r a c t e r i s t i c  wea thering  phenomenon 
i s  p r im a r i l y  due to  the o x id a t io n  of  the i ron  s u l f i d e s  in the ro ck s .
At the conf luence  of Big Creek and Good Creek pronounced b lack  bands 
in a very l i g h t - g r a y  a r g i l l i t e  a re  so uniform th a t  one i s  reminded of 
varved c l a y s .  S im i la r  banding i s  common in most P r i c h a rd  rocks ,  but  i s  
not as s t r i k i n g .  The a r g i l l i t e  i s  spangled throughout with abundant b i o t i t e  
po rphy rob la s t s ,  thus  g iv ing  i t  a " s a l t  and pepper" appearance ( P I .  I I ,
Fig.  1) .  In t h i n  se c t i o n  the dprk bands proved to be an unusua l ly  high 
concen t ra t ion  of  d e t r i t a l  opaque m in e ra l s .  The rock  c o n s i s t s  o f  abundant 
s e r i c i t e  and r e c r y s t a l l i z e d  angu la r  q u a r tz  fragments w ith  sparse  g r a in s  of 
euhedral  p l a g i o c l a s e  up to 0 .05  mm in d ia m ete r .  The b i o t i t e  i s  h igh ly  
p o i k i l i t i c  and i s  very i r r e g u l a r  along i t s  ou te r  margin (P I .  I I ,  F ig .  2 ) .
I t  u s u a l ly  has i n c l u s i o n s  of  secondary opaque m in e ra l s ,  and p le o c h ro ic  ha los  
around r a d i o - a c t i v e  z i rc o n s  a re  common. A weakly p le o ch ro ic ,  b leached-  
looking b i o t i t e  i s  a l s o  common and c o n t r a s t s  with the h igh ly  p le o c h ro ic ,  
f r e s h - lo o k in g  b i o t i t e ,  sugges t ing  two s epara te  ages of c r y s t a l l i z a t i o n .  
Although no t  conc lus ive ,  t e x t u r a l  r e l a t i o n s h i p s  between the two b i o t i t e s
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Table I . —GENERALIZED STRATIGRAPHIC SECTION OF BELT STRATA
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3 F-401
Upper g ray ish -g reen  laminated a r g i l l i t e  and 
s i l t y  do lomite .  Top eroded.
Basal pa le -g reen  in d u ra t e d  sands tone  with graded 
bedding,  150 f e e t  t h i c k .
-----------------------u n con fo rm i ty -----------------------------------
600 i
Upper g ree n i sh -g ra y  r h y o l i t e  (?) over ly ing  75 
f e e t  of green q u a r t z i t i c  a r g i l l i t e .
Lower g re e n i sh -b l a c k  b a s a l t ,  l o c a l l y  porphyro- 
l i t i c  and amygdalo ida l .
6002
Upper g r e e n i s h -g ra y  s i l i c e o u s  a r g i l l i t e  and 
a r g i l l a c e o u s  q u a r t z i t e  and q u a r t z i t e  u n i t ,  
2 ,400- f e e t  t h i c k .
Middle b lue -g ray  s i l t y  l imes tone  and dolomite 
u n i t ,  3 ,2001  f e e t  t h i c k .
Lower g ray ish -g reen  a r g i l l i t e  u n i t ,  l o c a l ly  





L ig h t -g ray  q u a r t z i t e  with " h ie ro g ly p h ic "  s t r u c ­
t u r e s .
Thin-bedded,  mud-cracked,  d a rk -  to medium-gray 
a r g i l l i t e  and q u a r t z i t i c  a r g i l l i t e .
Massive g ree n i sh -g ra y  a r g i l l a c e o u s  q u a r t z i t e  
with secondary b i o t i t e  and m agne t i t e .
4 , 5 0 0 1
a
T 3  O
CO
> CO 4->
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1 • H  k l
o M  Ok, d ,  v - lcu
Thin- to  medium-bedded, even ly  bedded, g ray i sh -  
black and medium-gray a r g i l l i t e  and q u a r t z ­
i t i c  a r g i l l i t e ,  minor l imestone  beds, common­
ly con ta in s  b i o t i t e  p o rp h y ro b la s t s .
1,5001
Evenly bedded, in te rbedded  l i g h t - g r a y  q u a r t z i t e  
and medium-gray a r g i l l a c e o u s  q u a r t z i t e .  Com­
monly con ta ins  b i o t i t e ,  c h l o r i t o i d  and ga rne t  
p o rphy rob la s t s  (exposed near  Northwest P e a k ) .
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tend to suppor t  t h i s  h y p o th e s i s .
The c o n tac t  between the P r icha rd  format ion and the over ly ing  R a v a l l i  
group i s  g r a d a t i o n a l  through a zone 500 to  600 f e e t  t h i c k  and has been 
placed between in te rbedded  predominantly dark-  to  medium-gray q u a r t z i t i c  
a r g i l l i t e s  and q u a r t z i t e s ,  and predominantly g r ay is h -g reen  a r g i l l a c e o u s  
q u a r t z i t e s .  Loca l ly ,  poor ly  developed mud cracks  were noted in  t h i s  i n t e r ­
va l .  I t  i s  noteworthy t h a t  in t e rbedded  medium-gray l imes tones  occur j u s t  
below th e  P r i c h a r d - R a v a l l i  con tac t  in a road cut  on the Boulder Creek road 
immediately south of  S u l l i v a n  Creek.  I t  i s  be l ieved  t h a t  t h i s  l imestone 
r e p re s e n t s  a westward wedge-edge of  the  Altyn l imestone  which i n t e r f i n g e r s  
with the P r i c a h r d  fo rmat ion .
Late in the f i e l d  season the w r i t e r  had an oppo r tu n i ty  to study the 
Pr ichard  format ion  in  the core of the S y lv a n i t e  a n t i c l i n e  loca ted  in  the 
nor thwes tern p a r t  of the Yaak River quadrang le .  S t r a t a  exposed in the 
; v i c i n i t y  of  Northwest Peak (F ig .  2) and Rock Candy Mountain are  s e v e ra l  
thousand f e e t  below the P r i c h a r d - R a v a l l i  c o n t a c t .  The rock type i s  gener -  
' a l l y  a d i s t i n c t  l i g h t e r  gray co lor  than the upper P r ich a rd  rocks and i s  
: somewhat more q u a r t z i t i c .  Thick-bedded,  l i g h t - g r a y  q u a r t z i t e s  in te rbedded  
with t h i c k  u n i t s  of th in -bedded ,  medium-gray a r g i l l a c e o u s  q u a r t z i t e s  are 
common. Some rocks  resemble a very f i n e - g r a i n e d  muscovite s c h i s t ,  a l though 
o r ig i n a l  sed im enta ry  s t r u c t u r e s  are wel l  p re se rved .  Evenly bedded, a l t e r ­
na te ly  l i g h t -  and da rk -g ray  a r g i l l a c e o u s  q u a r t z i t e  beds ranging from 1 to 
12 inches  th i c k  commonly con ta in  small red  ga rne t  dodecahedral  p o rp h y ro b la s t s  
in a d d i t i o n  to the  usual  b i o t i t e .  A few euhedra l  p o rphy rob la s t s  of ga rne t  
up to  5 mm in d iam ete r  were noted and one rock cleaved p a r a l l e l  to bedding
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contained seve ra l  g a rn e t s  up to  2 cm in d iameter  in a m a t r ix  of  f i n e - g r a in e d  
b i o t i t e .  The rocks contain  abundant green p o rphy rob las t s  up to  6 mm in 
diameter  (P I .  I l l ,  F ig .  1),  which in th in  s ec t io n  proved to be c h l o r i t o i d .
I n  the more indura ted  rocks ,  d i s co n t in u o u s  w h i t i sh  bands p a r a l l e l  to bedding 
have the appearance of s t r o n g ly  r e c r y s t a l l i z e d  q u a r tz  fragments .  These bands 
usual ly  inc lude  anhedra l  b lebs  of  pink g a rn e t .
Under the miscroscope i t  was noted t h a t  the porphy rob las t s  are con­
tained in a m a t r ix  of  s e r i c i t e  and r e c r y s t a l l i z e d  qua r tz  g r a in s  up to  0.05  mm 
in d iam ete r .  Sparse euhedra l  g r a in s  of  r e c r y s t a l l i z e d  a l b i t e  were noted.  
Locally,  the q u a r tz  i s  r e c r y s t a l l i z e d  by p res su re  s o lu t i o n  p rocesses  to  
i n t e r lo c k i n g ,  p o i k i l i t i c  m e ta c ry s t s  up to 0 . 2  mm in d iamete r .  D e t r i t a l  
and secondary opaque m ine ra l s  and secondary muscovite are not uncommon.
Most of the mica p o rphy rob la s t s  a re  p o i k i l i t i c  and con ta in  numerous i n c lu -  
' sions of opaque m inera ls  and d e t r i t a l  z i rcons  which are surrounded by , 
s trong p le o ch ro ic  h a lo s .  The r a d i o - a c t i v e  d a t in g  of the se  z i r c o n s  might give 
 ̂ a maximum age of the lower Be l t  sediments.  The c h l o r i t o i d  co n ta in s  sporad ic  
4 inc lu s ions  of  b i o t i t e .  As sugges ted p rev io u s ly ,  the b i o t i t e  appears  to  be 
of two ages .  In some rocks the  l a t e r  b i o t i t e  has a p e r s i s t e n t  p r e f e r r e d  
o r i e n t a t i o n  a t  an angle of  approxim ate ly  70® to bedding.  The g a r n e t s  are 
also very p o i k i l i t i c  and are  euhedra l  to anhedral  in c r y s t a l  form. The 
anhedral g a rn e t s  e x h i b i t  an i r r e g u l a r  or su tu red  margin and c l e a r l y  have 
advanced i n t o  the qua r tz  g r a in s  of  the m a tr ix .  I n c lu s io n s  of micas and 
needles of  i lm en i te  were noted,  but  are not common.
T ex tu ra l  r e l a t i o n s h i p s  between minera ls  sugges t  the fo l lowing  gener ­
a l ized  e a r l y  to l a t e  order  of  c r y s t a l l i z a t i o n  of the p ro p h y ro b la s t s :
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secondary opaque m i n e r a l s  both b i o t i t e s  c h l o r i t o i d  g a r n e t .
R e c r y s t a l l i z a t i o n  of the q u a r t z  g r a in s  was e a r l y  and probably con tinued  
throughout the r e c r y s t a l l i z a t i o n  p rocess .  With few ex c e p t io n s ,  s h a r p - l i n e  
con tac ts  occur between the p ro p h y ro b la s t s ,  i . e . ,  one minera l  does not 
g radua l ly  r e p la c e  ano ther .
Severa l  c o n c r e t i o n - l i k e  masses of s t r o n g ly  r e c r y s t a l l i z e d  sediments 
were noted .  Near ly a l l  the c o n c re t io n s  conta in  a b i o t i t e - c h l o r i t o i d  core 
rimmed by a d i s t i n c t  b leached ,  whi te r e c r y s t a l l i z e d  q u a r t z i t e .  A few 
amphibole and g a rn e t  p o rp h y ro b la s t s  are a l so  p r e s e n t  in the co re .  The 
concre t ions  appear to  have been formed by le ach ing  o f  the  rock and inward 
migrat ion of  s o lu t i o n s  with subsequent  c e n t r a l i z e d  r e c r y s t a l l i z a t i o n  of 
new m in e ra l s .
R a v a l l i  Group; The R a v a l l i  group i s  exposed e x t e n s i v e l y  in  the southern  
h a l f ,  and as f a r  nor th  as Young Creek on the e a s t e r n  edge of the map ,area.  
Although g e n e r a l l y  th in -bedded ,  i t  weathers  to l a rg e  jo in t -b o u n d ed  blocks 
and forms the bold ,  massive ledges  seen along the Kootenai River from Big 
Creek to the v i c i n i t y  of  Rexford,  Montana. R a v a l l i  s t r a t a  average 4,500 
f ee t  in th i c k n e s s .
Although s t r a t i g r a p h i e  r e l a t i o n s h i p s  w i th in  the R a v a l l i  group are not  
c l ea r  because of poor exposures ,  th r e e  vague l i t h o l o g i e  u n i t s  seem to 
e x i s t .  The basa l  u n i t  c o n s i s t s  of  a g r e e n i sh -g ra y  a r g i l l a c e o u s  q u a r t z i t e  
spangled with b i o t i t e  p o rp h y ro b la s t s  and a medium- to l i g h t - g r a y ,  magnet i t e -  
bearing q u a r t z i t e ,  both of which weather to d i s t i n c t  p a l e -g r e e n  s u r fa c e s .
The middle u n i t  c o n s i s t s  of t h i n -  to medium-bedded, medium d a rk -g ray  to 
medium-gray a r g i l l i t e ,  q u a r t z i t i c  a r g i l l i t e ,  and a r g i l l a c e o u s  q u a r t z i t e
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tha t  g e n e r a l l y  co n ta in s  p e r f e c t  oc tahedra  of magne ti te  and coarse  b i o t i t e .  
This u n i t  i s  c h a ra c t e r i z e d  by numerous l a rg e ,  well -developed  mud c racks ,  and 
was p robably  dep o s i t ed  in a mud-f la t  or f lood  p l a in  environment t h a t  was 
p e r i o d i c a l l y  wet and d r i e d .  The upper u n i t  c o n s i s t s  of  medium- to t h i c k -b e d ­
ded and massive l i g h t - g r a y  to  white q u a r t z i t e  t h a t  commonly e x h i b i t s  d i s t i n c t  
narrow purp le  bands, some of which o u t l i n e  well -developed  c ross-bedding  and 
channe ling.  Many of the bands are so d i s t o r t e d  and i r r e g u l a r  t h a t  they are 
d e s c r i p t i v e l y  c a l l e d  " h ie ro g ly p h ic "  s t r u c t u r e  (P I .  I l l ,  F ig .  2 ) .  In t h i n  
sec t ion  t h e r e  appears  to  be a s l i g h t  c o n c e n t ra t i o n  of opaque minera ls  along 
the bands.  In view of the f a c t  t h a t  the  o r i e n t a t i o n  of many of the bands 
i s  comple te ly u n re la t e d  to  sedimentary  s t r u c t u r e s ,  i . e . ,  they cut  c r o s s ­
bedding,  e t c . ,  the conclus ion  i s  t h a t  the c o l o r a t i o n  or bands are e s s e n t i a l l y  
the r e s u l t  of  s o lu t i o n s  m ig ra t ing  along the more permeable zones in the rock .  
The c ro ss -bedd ing ,  channeling and genera l  absence of mud cracks in upper 
Rava l l i  sediments suggdst  d e p o s i t i o n  in a marginal  massive environment.  
Magneti te oc tahedra  do not  appear to  be as abundant in t h i s  u n i t  as compared 
to the lower s t r a t a .
Along the e a s t e r n  boundary of the area ,  some s i g n i f i c a n t  changes in 
l i t h o lo g y  were observed .  The basa l  g r e e n i sh -g ra y  a r g i l l a c e o u s  q u a r t z i t e  
has changed almost e n t i r e l y  to a medium- to  th ick-bedded ,  medium- to l i g h t -  
gray q u a r t z i t e  and a r g i l l a c e o u s  q u a r t z i t e .  The middle un i t  has th ickened  
at  the expense of  the upper u n i t  and c o n s i s t s  of  massive wea thering,  but  
very th in -bedded ,  very commonly mud-cracked,  medium-gray a r g i l l i t e  con ta in ing  
abundant oc tahedra  of  m agpe t i t e .  A few banded pa le -g reen ,  a r g i l l a c e o u s  
q u a r t z i t e s  are in terbedded  in  t h i s  i n t e r v a l .  The upper l i g h t - g r a y ,  c ro s s -
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t)cdded and ’’h ie ro g l y p h ic ” q u a r t z i t e s  are in te rbedded  with medium-gray 
a r g i l l i t e s  s i m i l a r  to  those of  the middle u n i t  and may be d im in i s h in g  in 
thickness to  the e a s t .  Along the Dodge Creek road th e  upper u n i t  i s  
p a r t i a l l y  r e p re s e n te d  by dusky and p a l e -g re e n  q u a r t z i t e s  and a r g i l l a c e o u s  
q u a r t z i t e s .  As exposed along Young^Creek, the upper u n i t  of the  R a v a l l i  
co n s i s t s  of  a t h i n -  to medium-bedded l i g h t  g r e e n i s h -g ra y  a r g i l l a c e o u s  
q u a r t z i t e  with in te rbedded  b u f f - c o lo r e d  c o a r s e -g ra in e d  sands tone .  A few 
r ipp le  marks,  f low c a s t s  and bulbous forms o f  unknown o r ig in  occur in  t h i s  
I n t e r v a l .  Sparse  f l a k e s  of  s p ecu la r  hem at i te  were noted on bedding s u r f a c e s .
The composit ion of  these  rocks  as seen under the microscope i s  p r e ­
dominantly q u a r t z  with vary ing  amounts of s e r i c i t e  depending on t h e i r  
o r ig in a l  a r g i l l a c e o u s  co n te n t .  The q u a r t z  i s  r e c r y s t a l l i z e d  from g ra in s  
averaging 0.1 mm in d iamete r  to  an i n t r i c a t e  mosaic or sutured  t e x t u r e .  A 
few g ra in s  of  r e c r y s t a l l i z e d  p l a g i o c l a s e  f e l d s p a r  (probably  sodic  in com­
pos i t ion)  and r a r e  o r th o c l a s e  and m ic ro c l in e  are p r e s e n t .  Other m ine ra ls  
Include m agne t i t e ,  b i o t i t e ,  sparse  c a l c i t e  and r a r e  c h l o r i t o i d ,  a l l  of  
which are secondary.  A few c r y s t a l s  of  magnet i t e  conta in  i n c l u s i o n s  of 
; quartz and z i r c o n  ( ? ) .  A b i o t i t e - s p a n g l e d  specimen of q u a r t z i t i c  a r g i l l i t e  
that  was c o l l e c t e d  on Su t ton  Creek from s t r a t a  low in the  R a v a l l i  s e c t io n  
VÇ contained an unusually  high amount of d e t r i t a l  z i rc on  and a p a t i t e .
The c o n tac t  between the ove r ly in g  basa l  green a r g i l l i t e s  of  the Piegan 
group and the  cross-bedded and ’’h i e r o g l y p h i c ” l i g h t - g r a y  q u a r t z i t e  of  
the R a v a l l i  group i s  g r a d a t i o n a l ,  but  d i s t i n c t ,  and l i t t l e  d i f f i c u l t y  was 
experienced in lo c a t in g  i t  in the f i e l d .  The con tac t  i s  well exposed j u s t  
under the c r e s t  of  Webb Mountain.
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Piegan  Group: The Piegan group inc ludes  the Wallace format ion of  the
Libby a rea  and can be subdivided i n t o  th ree  d i s t i n c t  mappable l i t h o l o g i e  
u n i t s ,  i . e . ,  a lower g ray i s h -g re e n  a r g i l l i t e ,  a middle b lue -g ray  l imestone  
and an upper greeri^sh-gray q u a r t z i t e .  The Wallace formation occupies  the 
trough o f  the la rge  sync l ine  t r a v e r s i n g  the c e n t r a l  and northwest  p o r t i o n s  
of  the map a re a ,  and i s  approxim ate ly  7,600 f e e t  th i c k .  Mud cracks  are 
noticeably  l e s s  abundant in the Piegan than the  underly ing  R a v a l l i .
The lower u n i t  i s  well  exposed in road cuts  along the Boulder Creek 
road and s u b s i d i a r y  roads ,  and i s  2,000 f e e t  t h i c k .  I t  i s  a homogeneous, 
l o c a l l y  ca l c a re o u s ,  th in -bedded ,  g r a y i s h -g re e n  a r g i l l i t e .  Rocks a t  the 
base of  t h i s  i n t e r v a l  exposed on the Dodge Creek road are somewhat s i l i c e o u s .
A 100-foot  t h i c k  sequence of  th in -bedded ,  mud-cracked,  medium-gray a r g i l l i t e  
and q u a r t z i t i c  a r g i l l i t e  occurs about 100 f e e t  above the R a v a l l i -P ieg an  
c o n t a c t .  Cubes of  p y r i t e ,  and l im on i te  pseudomorphs a f t e r  p y r i t e  up ,to 
4 cm in width were noted .  Outcrops weather to  a pa le  green s u r f a c e .
Under the  microscope the rock c o n s i s t s  e n t i r e l y  of  a very f i n e - g r a in e d  
s p r i c i t e  in a r e c r y s t a l l i z e d  s i l i c e o u s  m a t r ix .  Bands of  an anhed ra l ,  shredded, 
f i n e - g r a i n e d  d e t r i t a l  (?) green b i o t i t e  in  a s l i g h t l y  c o a r s e r -g r a i n e d  q u a r t z  
mosaic probab ly  r e p r e s e n t  the d a rk e r  bands of  a r g i l l i t e  seen in  hand s p e c i ­
mens. I n d iv i d u a l  q u a r t z  g r a in s  do not  exceed 0.05  mm in  d iamete r .
Where i t  i s  c a lca reous ,  the  a r g i l l i t e  i s  c h a ra c te r i z e d  by e l l i p t i c a l ,  
worm-like,  w h i t i s h - c o lo r e d  pure c a l c i t e  s e g re g a t io n s  a l igned  p a r a l l e l  to 
bedding.  The se g ra t i o n  range up to 3 inches  in  d iam ete r .  As seen in c ro s s -  
s e c t i o n ,  the th in  laminae of sediments o f t e n  s p l i t  and are draped around 
the  c a l c i t e  s e g reg a t io n ,  and come to g e th e r  again on the oppos ite  s id e .  In
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P la te  II
F igure  I .  Evenly bedded a r g i l l i t e  from upper Pr ichard  forma­
t ion  exposed along Big Creek road.  Dark bands contain  d e t r i t a l  
opaque m ine ra l s .  Black blebs  are b i o t i t e  porphyrob las ts .
Figure 2. Photomicrograph of  p o i k i l i t i c  b i o t i t e  porphyro­
b l a s t s  with inc lus ions  of  qu a r tz .  Dark bands are d e t r i t a l  
opaque m inera l s .  Specimen from upper Prichard formation.  
Plane l i g h t .
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F igure 1. Evenly bedded a rg i l l a c e o u s  q u a r t z i t e  from lower 
Pr ichard formation exposed south of Northwest Peak. Dark- 
colored blebs are  c h l o r i t o i d  porphyrob las ts .
Figure 2. Typical  "h ie rog lyph ic” s t r u c t u r e  in q u a r t z i t e  
from upper R ava l l i  group in road cut  along Boulder Creek 
road.
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P la te  IV
Figure 1. C a lc i t e  seg rega t ions  in green a r g i l l i t e  from 
lower u n i t  of the Piegan group.  Shows a r g i l l i t e  laminae 
o u t l in in g  the l a rg e r  seg rega t ion .
# # #
Figure 2. Weathered su r face  of  lower a r g i l l i t e  unit  in the 
Piegan group formed by leaching of c a l c i t e  segrega t ions .  
Exposed along Boulder-Sul l ivan  Creek c u t - o f f  road.
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P la te  V
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Figure 1. Molar- tooih s t r u c t u r e  on weathered surface  of the 
limestone un it  in the Piegan group along road 1 mile south 
of Red Mountain.
Figure 2. Photomicrograph of  Shepard sandstone showing 
gra ins  of b a s a l t  contain ing  p lag ioc lase  m ic ro ) ! t e s .  Dark 
spots  are magne ti te .  Plane l i g h t .
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less  wo 11-developed specimens,  the laminae of sediments can be t r a c e d  
thr ou g h  the s eg reg a t io n s  ( P I .  IV, F ig .  1) . In th in  s ec t io n  the seg rega­
t ions c o n s i s t  of r e c r y s t a l l i z e d  c a l c i t e  t h a t  i s  much coa rse r  than the 
surrounding sed iments .  These c a l c i t e  s e g reg a t io n s  a re  probably d i a g e n e t i c  
in o r ig a i n .  The d i f f e r e n t i a l  wea thering  of the c a l c i t e  s e g re g a t io n s  and 
the a r g i l l i t e  forms a c h a r a c t e r i s t i c  deeply p i t t e d  weathered s u r f a c e  seen 
in no o the r  l i t h o l o g i e  u n i t  ( P I .  IV, F ig .  2 ) .
The middle u n i t  c o n s i s t s  of t h i n -  to  medium-bedded l i g h t  b lu i s h - g r a y  
s i l t y  l imestone and d o lo m i t i c  l imes tone th a t  wea thers  to  a c h a r a c t e r i s t i c  
pale ye l lowish-orange  c o lo r  on most exposed s u r f a c e s .  I n v a r i a b l y  the 
so i l  over ly ing  t h i s  u n i t  has a p e r s i s t e n t  orangish  c o l o r .  Banding due 
to a s l i g h t  v a r i a t i o n  in c o lo r s  in the l imestone i s  d i s t i n c t .  P y r i t e  
cubes are common and o o l i t e s  were noted near the top of  the u n i t .  Under 
the microscope the l imestone  i s  composed of a g r a n u la r  primary cartfonate 
with s c a t t e r e d  c l a s t i c  q u a r t z  fragments and h em a t i t e .  A p a r t i a l  chemical 
ana lys i s  of  a specimen of l imes tone  i s  inc luded under Economic Geology 
of t h i s  r e p o r t .  This  l imes tone u n i t  i s  approximate ly  3,200 f e e t  th ick  
and i s  e q u i v a l e n t  to  the Siyeh format ion of G la c i e r  Park as r e s t r i c t e d  
by Ross (see  Regional  C o r r e l a t i o n  of  Bel t  Sediments in nor thw es te rn  
Montana, t h i s  p a p e r ) .
On weathered s u r f a c e s  the l imes tone commonly e x h i b i t s  what i s  g e n e ra l ly  
cal led  m o la r - too th  s t r u c t u r e  by g e o l o g i s t s  d e s c r ib i n g  t h i s  u n i t  ( P I .  V,
Fig. 1) .  These p a r t i c u l a r  s t r u c t u r e s  a re  not  the t y p i c a l  o r g a n i c a l l y  
formed m o la r - too th  s t r u c t u r e ,  but look more l i k e  a b r e c c ia  in which the 
more r e s i s t a n t  s i l i c i c  l imes tone  s tands  out in r e l i e f  due to d i f f e r e n t i a l
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L weathering of ca rb o n a te s .  Indeed,  on f r e s h  f r a c t u r e ,  the rock d i s p l a y s  
: a minia ture v e i n - l i k e  p a t t e r n  which impl ies  t h a t  i t  had been crushed and 
ye'cemented by secondary c a l c i t e .  Study of t h i n  s e c t i o n s  confirms t h i s  
conclusion, a l though some r e c r y s t a l l i z a t i o n  of  the l imestone has occurred  
along the f r a c t u r e s .  Some c a l c i t e  f i l l i n g s  c l e a r l y  cut across  e a r l i e r  
f i l l i n g s ,  sugges t ing  the p o s s i b i l i t y  of more than one period of  d e f o r ­
mation and cementa t ion .
The upper u n i t ,  approxim ate ly  2,400 f e e t  t h i c k ,  c o n s i s t s  of  a homo­
geneous sequence of t h i n -  to medium-bedded, g r e e n i s h -g ra y  to l i g h t - g r a y  
si l iceous  a r g i l l i t e s ,  a r g i l l a c e o u s  q u a r t z i t e s  and q u a r t z i t e s .  Th is  u n i t  
is o v e r l a in  by the  P u r c e l l  l a v a s .  Two 8 - f o o t  th ick  l imestone beds are 
interbedded with the  q u a r t z i t e s  a few hundred f e e t  below the l a v a s .  Out­
crops g e n e r a l l y  weather to p l a t y  u n i t s  1/4 to  4 inches  th i c k  and a re  g reen­
ish-gray in  c o l o r .  Loca lly ,  f low c a s t s ,  mud c racks ,  r a in -d ro p  im press ions ,  
pyrite cubes,  and oc tahedra  of  m agnet i t e  were no ted .  Many of the p y r i t e  
crys ta ls  a re  encased in secondary c h l o r i t e .
In genera l  the lower Piegan sediments r e f l e c t  a gradual  change from a 
marginal marine environment of  upper R ava l l i  d e p o s i t i o n  to t h a t  of  compara­
t ively c lean  seas in  which l imestone  and do lomite were d e p o s i t e d .  Flow 
casts ,  mud c racks ,  and r a i n - d r o p  impress ions  in upper Piegan sediments 
imply a r e t u r n  of  very  shallow water  and t i d a l - f l a t  c o n d i t io n s .
Shepard Form at ion ; The Shepard format ion ,  here included as the  upper 
part of  the Piegan group,  i s  exposed on the e a s t - t r e n d i n g  r idge  j u s t  north 
of Caribou Creek and i s  an e s t im a te d  600 f e e t  in t h i c k n e s s .  A th i c k e r  
Section may be exposed nor th  of the bo rde r .  The format ion immediately
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o v e r l i e s  the  P u r c e l l  l avas ,  and i t s  basa l  150 f e e t  c o n s i s t s  of  t h i n -  to  
0ediuffi-bedded, but  massive wea the r ing ,  p a l e -g r e e n  indura ted  sands tones ,  
loca lly  sepa ra ted  by th in  a r g i l l i t e  p a r t i n g s .  Graded bedding i s  prominent  
and the rock g r e a t l y  resembles a re-worked graywacke.  The sandstone grade 
v e r t ic a l ly  i n t o  l i g h t - g r a y  s i l t y  dolomite  c o n ta in in g  laminae of a r g i l l i t e ,  
which in tu rn  grades  in to  g r e e n i s h -g ra y  m a g n e t i t e -b ea r in g  q u a r t z i t i c  
a r g i l l i t e s  and wavy-laminated a r g i l l i t e s .  P y r i t e  cubes and s a l t  c a s t s  are 
present and p e c u l i a r  s t r u c t u r e s  t h a t  may be anne l id  t r a i l s  were noted in the 
epper a r g i l l i t e s .
. Thin s e c t i o n s  cut  from sands tones  c o l l e c t e d  j u s t  above the  P u r c e l l  
lavas contain  wel l -rounded to  sub-rounded q u a r t z  and abundant b a s a l t  g r a in s  
9p to  2 mm in d iamete r  in a m a t r ix  of  s e r i c i t e ,  c h l o r i t e  and r e c r y s t a l l i z e d  
quartz. Leucoxene, needles  of  r u t i l e  and oc tahed ra  of  magne t i t e  a re  acces ­
sory m in e ra l s .  P l a g i o c l a s e  m i c r o l i t e s  are c l e a r l y  d i s t i n g u i s h a b l e  in  the 
Individual g r a in s  of  b a s a l t  (P I .  V, F ig .  2 ) ,  which are unques t ionab ly  
derived from the  under ly ing  P u rc e l l  l a v as .  Rocks h ighe r  in the sandstone 
sequence conta in  fewer g ra in s  o f  b a s a l t .
Where examined by the w r i t e r ,  the co n tac t  between the Shepard formation 
•ad the lavas  i s  a f l a t  p lane ,  and the lavas  do no t  e x h i b i t  s t r u c t u r e s  
ch a ra cte r is t ic  of the  top of  a normal lava f low. This and p é t ro g ra p h ie  
evidence sugges t  t h a t  an e r o s i o n a l  unconformity e x i s t s .  I t  i s  d o u b t fu l  
that t h i s  unconformity can be recognized  in the  absence of the  lavas  w i th ­
out the aid  of d e t a i l e d  p é t ro g ra p h ie  s tu d i e s  and measured s e c t i o n s .
In c o n t r a c t  to  the two f lows in the map a rea ,  Canadian g e o l o g i s t s  
report  the occurrence of s e v e ra l  f lows sepa ra ted  by sediments on Mount
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Baker 30 m i les  due north  of  the I n t e r n a t i o n a l  Boundary, A v o lc a n i c  conglo­
merate i s  r epor ted  (Sommers, pe rsona l  communication) between the Shepard 
formation and the P u rc e l l  lavas  near  the Canadian border  j u s t  e a s t  of  
g o o s v i l l e .  Apparen tly  r e g io n a l  u p l i f t  and /o r  a change in sea  l e v e l  th a t  
occurred soon a f t e r  the v o lc an ic  f lows were ex t ruded ,  sub jec ted  the  P u rc e l l  
lavas to  e x t e n s i v e  e r o s io n .  This  sugges ts  a h i a t u s  of  unknown magnitude 
betwden the  lavas  and the Shepard fo rm at ion .
Quaternary  Sed im ents ; Unconsolidated  sediments recognized  in the area  
are P le i s t o c e n e  g l a c i a l  d e p o s i t s ,  s tream g r a v e l s ,  and a l luvium. In the 
reconna issance f i e l d  mapping, no at tempt was made to map the  Quaternary  
sediments in d e t a i l .
The g l a c i a l  d e p o s i t s  are of  two type s :  s t r a t i f i e d  l a c u s t r i n e  s i l t s  
and c lays ,  and heterogeneous  t i l l .  L a c u s t r in e  d e p o s i t s  are exposed in 
a kame t e r r a c e  on Young Creek and on a d ra ined  lake bottom on Basin Creek.  
These d e p o s i t s  a re  c h a r a c t e r i z e d  by b u f f - c o lo r e d ,  h o r i z o n t a l l y  s t r a t i f i e d ,  
^^Interbedded laminae of s i l t  and c l a y .  Some small pebbles a re  l o c a l l y  
included.  They are grouped wi th Quate rnary  g ra v e l s  on the geo lo g ic  map.
Two ages of  g l a c i a l  t i l l  a re  c l e a r l y  d i s c e r n a b l e .  S c a t t e r e d ,  th in
A :
j patches of  the o ld e r  ground moieine remain in  secluded pockets  and are 
. best seen along the high r id g e s  south of Boulder Creek.  The o ld e r  moraine 
can be recognized  by the occurrence  of rounded P a le ozo ic  sedimentary  and 
Mesozoic igneous e r r a t i c s ,  which a p p a re n t ly  were de r ived  from Canada, in 
a m a t r ix  of  s i l t  and c l a y .  The d e p o s i t s  occur as high as 6,000 f e e t  in 
e l eva t ion  and u s u a l ly  o v e r l i e  s t r i a t e d  bed- rock .  The younger t i l l  occupies  
nearly a l l  the h ighe r  p o r t i o n s  of  s tream v a l l e y s ,  in p laces  cover ing  low
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r idges ,  and i s  g e n e r a l ly  q u i t e  t h i c k .  I t  i s  mapped as g l a c i a l  t i l l  only 
«here i t  exceeds an e s t im a ted  40 to 50 f e e t  in t h i c k n e s s .  This  h e t e ro -  
^ n e o u s  t i l l  c o n s i s t s  of  l a rg e  angu la r  blocks  of l o c a l l y  d e r ived  Bel t  
i fdiments  in a m a t r ix  of s i l t  and c l a y .  This  m a te r i a l  i s  the  mora ina l  
d eb r i s  l e f t  by small  v a l l e y  g l a c i e r s  which remained a f t e r  the C o r d i l l e r a n  
Ice sheet  r e t r e a t e d  from the a r e a .
Sub-rounded and rounded stream cobbles and bou lde r  g r a v e l s  co n ta in in g  
!Vlt rocks occur along Big Creek,  Good Creek and Dodge Creek.  S eve ra l  
gravel  t e r r a c e s  occur along the Kootenai  R ive r .  These d e p o s i t s  a re  p robably  
reworked g l a c i a l  t i l l .  Ex tens ive  r e c e n t  a l luvium i s  l im i t e d  to the p r e s e n t  
flood p la in  o f  the Kootenai R ive r .
A small t r a v e r t i n e  d e p o s i t  occurs  on Young Creek in  sec» 13, T. 37 N.,
R. 29 W. The d e p o s i t  l i e s  on the  l a c u s t r i a n  s i l t s ,  and t a l u s  s lopes  are 
l o c a l ly  cemented by c a l i c h e .  The hot  sp r ing  a c t i v i t y  i s  p robab ly«pos t -  
g l a c i a t i o n  in age and may be q u i t e  young. Cold water  sp r in g s  s t i l l  e x i s t  
a t  t h i s  l o c a l i t y .
REGIONAL CORRELATION OF BELT SEDIMENTS IN NORTHWESTERN MONTANA 
Most of the  a rea  u n d e r la in  by the Bel t  s e r i e s  has been s tu d ie d  only 
through l a rge  sc a le  r e g io n a l  reconna is sance  surveys .  Consequent ly,  th e re  
iS cons ide rab le  d i f f e r e n c e  of  op in ion  concerning the  use of nomenclature and 
c o r r l e a t i o n  of  s t r a t i g r a p h i e  u n i t s .  Although new nomenclature i s  not  pro­
posed f o r  r ecogn izab le  l i t h o l o g i e  u n i t s  in the fo l low ing  d i s c u s s i o n ,  a 
comparison of  e x i s t i n g  nomencla ture  f o r  r eco g n izab le  s t r a t i g r a p h i e  u n i t s  
10 nor thwestern Montana and Canada i s  p r e s e n te d .  For purposes of  d i s c u s s i o n ,  
'.he area  r e f e r r e d  to as nor thw es te rn  Montana i s  l im i ted  to  t h a t  p a r t  of
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Xoniana west of  the Rocky Mountain f r o n t  and nor th  of  48® l a t i t u d e ,  i n c lu d ­
ing G lac ie r  N ational  Park .  Nomenclature of the P u r c e l l  Range of B r i t i s h  
Columbia i s  inc luded  to  i l l u s t r a t e  the r e l a t i o n s h i p  between Canadian and 
;i0er ican  nomenclature as app l ied  to  a common sequence of  sedimentary  rocks .  
Severa l  g e o l o g i s t s  have made im portan t  c o n t r i b u t i o n s  toward the  under­
standing of the s t r a t i g r a p h y  o f  the Bel t  s e r i e s  of  nor thwes te rn  Montana.
In the e a r l y  1900*s Calk ins  (1909) t r ac ed  fo rm at iona l  con ta c t s  and c a r r i e d  
ex i s t in g  nomencla ture  northward from Coeur d ’Alene,  Idaho and ad jacen t  
areas to the I n t e r n a t i o n a l  Boundary with the i n t e n t i o n  o f  c o r r e l a t i n g  s t r a t i ­
graphie u n i t s  with Daly (1912) who was working westward along the 49th 
p a ra l l e l  from G la c i e r  N a t iona l  Park .  With due r e s p e c t  to  the many g e o l o g i s t s  
who have worked in G la c i e r  Park,  Fenton and Fenton (1937) have done the  most 
de ta i led  s t r a t i g r a p h i e  work in t h a t  a rea  t o  d a t e .  Ross (1959) has syn the ­
sized the r e s u l t s  of  e a r l i e r  g e o l o g i s t s  working in the G la c i e r  Par% region  
mnd has mapped p a r t s  of  the  F la thead  and Swan Ranges. Johns (1959) and 
others are c u r r e n t l y  engaged in a long range reconna issance  g e o lo g ic a l  
f ie ld  mapping p r o j e c t  of the  Kootena i -F la thead  a re a .
The id e as  p re sen te d  here  are the  r e s u l t  of  lo c a l  f i e l d  s tudy and a 
review of a v a i l a b l e  l i t e r a t u r e .  Three t a b l e s  and an index map of n o r th ­
western Montana are inc luded  f o r  convenience in the fo l lowing d i s c u s s i o n .
Table I I  i s  a com pila t ion  of  the nomenclature as used by g e o l o g i s t s  in 
local a rea s  wi th the re g io n a l  comparison implied by the  w r i t e r .  Tables 
III  and IV i l l u s t r a t e  the s i m i l a r i t y  of  the l i t h o l o g y  but  d i f f e r i n g  i n t e r ­
p re ta t io n s  of  the  s t r a t i g r a p h i e  s e c t i o n s  as observed by the Fentons and Ross 
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o f  the G la c i e r  Park s t r a t i g r a p h i e  s e c t i o n  to  t h a t  of  the P u r c e l l  Mounta ins,  
figure 3 i s  a s t r a t i g r a p h i e  c r o s s - s e c t i o n  des igned  to show the  c o r r e l a t i o n  
of gross l i t h o l o g i e  u n i t s  in  nor thwes te rn  Montana,
Most g e o l o g i s t s  r e a d i l y  c l a s s i f y  the B e l t  s e r i e s  i n t o  fou r  main groups 
tad recognize r e p r e s e n t a t i v e s  of  each group th roughout nor thw es te rn  Montana. 
%o ascending o rde r ,  the se  a re  the p r e - R a v a l l i ,  R a v a l l i ,  Piegan and Missoula  
groups. However, as  Table  I I  i l l u s t r a t e s ,  t h e re  i s  some ambiguity in  the  
placement of  boundar ies  between groups .  Of th e s e ,  the Piegan-Missoula  
boundary i s  the most i n c o n s i s t e n t l y  p laced .
P re -R av a l l i  Gtoup: The p r e - R a v a l l i  group in c lu d es  the P r i c h a rd  forma­
tion and i t s  Canadian c o u n t e r - p a r t ,  the  Aldridge  format ion .  R e p r e s e n t a t i v e s  
of the p re -R a v a l l i  group have not  been recognized  in G lac ie r  N a t iona l  Park,  
although Ross (Table IV) sugges ts  the p o s s i b i l i t y  t h a t  the Altyn l imes tone  
•ay prove to  belong in  the upper p a r t  of the p r e -R a v a l l i  group.  There i s  
strong evidence suppor t ing  t h i s  b e l i e f .  F i r s t ,  as in d ica te d  in  F igu re  3, 
the r e l a t i v e  s t r a t i g r a p h i e  p o s i t i o n  of the  Altyn l imes tone  and the  P r i c h a rd  
formation below the  R a v a l l i  group (as used in t h i s  paper)  r e a d i l y  sugges ts  
a close  r e l a t i o n s h i p .  Secondly,  Daly (1912) recognized  the Al tyn  l imes tone  
stra tigrap h ic a l l y  below R a v a l l i  group e q u i v a l e n t s  as  f a r  west as the 
McDonald Range ( e a s t e r n  f lank  of  the W hi te f i sh  Range). The w r i t e r  has 
recognized minor i n t e r b e d s  of  b lue -g ra y  a r g i l l a c e o u s  l imestone  in  the upper­
most Pr ichard  format ion  exposed on the e a s t e r n  edge of  the  P u r c e l l  Mountains.  
^ o h a s  ( I960,  p.  8 ) r e p o r t s  t h a t  s im i l a r  c a lca reous  rocks in the upper 
t r i ch o rd  are exposed e a s t  of  the Kootenai River  near  the  boundary between 
Ural and Thompson Lakes Quadrangles (F ig .  2 ) .  Limestone ho r izo n s  are
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not  known in  the over ly ing  R av a l l i  group and the genera l  conclusion  i s  
t h a t  upper beds of  the P r i c h a rd  format ion in  t h i s  area  are a more c l a s t i c  
f a c i e s  of  the Altyn .
R ava l l i  Group: The R a v a l l i  group i s  u n d i f f e r e n t i a t e d  in the P u r c e l l
and Cabinet  Mountains. S t r a t i g r a p h i c a l l y  e q u i v a le n t  and l i t h o l o g i c a l l y  
s i m i l a r  beds are ca l l e d  the Cres ton  format ion  in B r i t i s h  Columbia. Daly 
(1912) de f ined  the Wigwam, McDonald and Hefty fo rmat ions  in what i s  now 
c a l l e d  the W hi te f i sh  Range. In t h e i r  broad a spec t s  these fo rm at ions  are  
recognized  (Shelden,  t h i s  paper)  along the e a s t e r n  edge of the P u r c e l l  
Mountains.  In the F la thead  and Swan Ranges, Ross (1959, p. 30) d e s c r ib e s  
and maps a g r a y i s h -b lu e -g re e n  ca lca reous  a r g i l l i t e  u n i t  t h a t  i s  t r a n s i t i o n a l  
to  the ove r ly ing  Siyeh format ion  (as  de f ined  by him), and in c lu d e s  i t  as 
the  upper member of h i s  G r in n e l l  a r g i l l i t e .  For reasons  d i scu ssed  l a t e r ,  
i t  i s  be l ieved  t h a t  t h i s  l i t h o l o g i e  u n i t  should be inc luded in the Piegan 
group.  As p r e v io u s ly  i n d i c a t e d ,  the  Altyn l imes tone  i s  here excluded from 
the R a v a l l i  group.
Piegan Group: As o r i g i n a l l y  de f ined  in  G la c i e r  Park by the Fentons
(1937, pp. 1890-1892),  the Piegan group comprises a l l  the s t r a t a  ove r ly ing  
the  G r in n e l l  a r g i l l i t e ,  up to and in c lu d in g  severa l  hundred f e e t  of  s e d i ­
ments ove r ly ing  the P u rc e l l  l a v a .  In the Libby a rea ,  Johns (1959) has 
r e c e n t l y  in t roduced  the name Piegan group f o r  a s im i l a r  sequence of  beds 
which are g e n e r a l l y  c a l l e d  the Wallace fo rm at ion .  Ross (1959, p.  33) has 
r e c e n t l y  g r o s s l y  r e s t r i c t e d  the Piegan group as fo rmer ly  used in G lac ie r  
Nationa l  Park.  The term Siyeh format ion or Siyeh l imestone has been 
r a t h e r  i n c o n s i s t e n t l y  used by g e o l o g i s t s  in nor thwes te rn  Montana and
Libby Area 
(G ibson  6  Johns )
Purce l l  R g e . ,  Canada 
(L eec h ,  G. B.)
T h is  p a p e r 4 9 lh  P a r a l l e l  
(D a ly ,  R. A.)
G l a c i e r  Park 
(F e n to n  6  F en ton)
G l a c i e r  Park  6  F l t d ,  
Rge. (R o ss ,  C. P . )
Group F o rm a tio n
©
Group Fo rm a tio n Group F o rm a tio n G a l to n  
S e r i e s  (g)
Lewi s 
S e r i e s  ^
Group F orm a tion Group F orm a tion
Libby
S t r i p e d  Peak
Mount N elson
R o o s v i1 l e
P h i l l i p s
Gateway
W allace
P u r c e l l  la v a
S iy eh
K i t c h e n e r
U nd iv ided C re s to n
P r i c h a r d
A ld r id g e
F o r t  S t e e l e
K i n t l a  D 
K i n t l a  C * 
K i n t l a  B * 
K i n t l a  A
R o o s v i1 le
P h i l l i p s
Gateway K i n t l a
Shepard S hepard
P u r c e l l  lava P. lav a P. lava
W allace S iy e h S iyeh
U nd iv ided
Wigwam
McDonald
H e f t y
G r i n n e l 1
Appekunny






R o o s v i l l e
K i n t l a
Shepard
P u r c e l l  lava
Spokane
S iy eh Piegan











G r i n n e l l
Appekunny
Altyn
Dashed l i n e s  a r e  t e n t a t i v e  c o r r e l a t i o n s . @  Numbers c o r re sp o n d  to  F i g u r e s  2 and 3 .
* These  u n i t s  a re  r e c o g n iz e d  by P r i c e
as  i n d i c a t e d  e l s e w h e re  in  t h i s  p a p e r .
TABLE I I  . — COMPARISON OF NOMENCLATURE OF TIE BELT SERIES IN NORTHWESTERN MONTANA
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td jacen t  p a r t s  o f  Canada (Table I I ) .
As mentioned p r e v i s o u ly  in t h i s  paper ,  t h r e e  d i s t i n c t  mappable l i t h o ­
log ie  u n i t s ,  i . e . ,  a lower g r ay is h -g reen  ca lca reo u s  a r g i l l i t e ,  a middle 
bloish-gray l im es tone ,  and an upper g r a y i s h -g re e n  q u a r t z i t e  and s i l i c e o u s  
a r g i l l i t e ,  can be recognized  between the R a v a l l i  group and the  base o f  the 
parcell lava in  t h e  P u r c e l l  Mountains. Johns (1959, p.  12) recogn izes  the  
three  l i t h o l o g i e  u n i t s  in the Wallace format ion west of  Libby,  Montana, 
ft i s  a l so  s i g n i f i c a n t  t h a t  Daly, in h i s  Galton s e r i e s ,  d e s c r ib e s  t h r e e  
f l s i f a r  l i t h o l o g i e  u n i t s  in the  Whi te f ish  Range, and c a l l e d  the e n t i r e  
feqaence the Siyeh fo rm at ion .  His d e s c r i p t i o n  of  the Siyeh in the White-  
fish Range i s  as fo l lows  (Daly,  1912, pp. 104-105):
Columnar S ec t ion  of  Siyeh Format ion.
Top, conformable base of P u r c e l l  Lava.
1,200  f e e t . —C h ie f ly  gray  and g re e n i sh -g ra y ,  medium- to  th in -bedded ,  
s i l i c e o u s ,  o f ten  do lo m i t i c  m e t a r g i H i  t e ,  w eather ing  
l i g h t  brown and b u f f .  At the top some 250 f e e t  of 
the  beds have a genera l  r e d d i s h  c a s t ,  owing to 
abundant  i n t e r c a l a t i o n s  of  r e d -g ra y ,  r ipp le-marked  
sands tone .  Between 400 f e e t  and 700 f e e t  from the 
top ,  s e v e ra l  beds of  l i g h t  g ray  l imestone ,  weathering  
g ray  to  w h i t i sh  occur;  the t h i c k e s t  of  th ese ,  25 f e e t  
t h i c k  and about 600 f e e t  from the  top  of  the fo rm at ion ,  
was fo l lowed  f o r  s evera l  mi les  in  the  Galton r a n g e . .  
Sun-cracks  are abundant a t  many hor izons  in  the 
m e t a r g i l l i t e ,
2,000 f e e t , —Dark gray ,  a r g i l l a c e o u s  magnesian l imes tone or  d o lo ­
m i te ,  in  massive beds with t y p i c a l  m ola r - too th  struc*- 
t u r e .  Occasional  i n t e r c a l a t i o n s  of m e t a r g i l l i t e .  The 
lower p a r t  of  the member i s  more s i l i c e o u s  than the 
average rock .  Most of  the beds weather  brown or bu f f ,  
a few wea ther ing  redd ish .  The in d iv id u a l  beds vary in 
t h i c k n e s s  from a f r a c t i o n  of  an inch to  two f e e t  or 
more, bu t  g e n e ra l ly  they a re  grouped or  cemented to ­
g e t h e r  in massive p l a t e s  t h r e e  to  ten f e e t  in t h i c k ­
nes s .
000 " Rocks l i k e  those of the upper d i v i s i o n  but withou t
red  beds or gray l imestone;  c h i e f l y  medium-bedded to 
th in -bedded  green and g r e e n i s h -g ra y ,  h igh ly  s i l i c e o u s .
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sometimes d o lo m i t i c  m e t a r g i l l i t e ,  wea ther ing l i g h t  
brown and, l e s s  o f t e n ,  g ray .  Many sun-cracks  and 
some r ip p le -m ark s  occur a t  va r ious  ho r izons .
4,000  f e e t .
In h i s  Lewis s e r i e s ,  Daly (1912, p. 72) d e s c r ib e s  a s im i l a r  s e c t io n  of h i s  
Siyeh fo rmat ion  in the L iv ings tone  Range.
The Fentonè* d e s c r i p t i o n  of  the sequence of  beds over ly ing  the G r in n e l l  
a r g i l l i t e  and under ly ing  the P u r c e l l  lava (Table I I I )  i s  g r o s s l y  s im i l a r  
to  D a ly ' s  Siyeh in the L iv ings tone  and W hi te f i sh  Ranges.  In t h e i r  opinion 
(Fenton and Fenton,  193ÇT, p.  1893) t h e i r  C o l l e n ia  symmetrica zone i s  corr  
r e l a t i v e  with  the lower u n i t  and t h e i f  Goathaunt  member and C o l l e n ia  frequens  
zone i s  c o r r e l a t i v e  with the middle u n i t  of  D a ly ' s  L iv ings tone  Range s e c t i o n .  
They s u b -d iv ide  D a ly ' s  upper u n i t  i n t o  an upper Spokane format ion and a lower 
G ran i te  Park member. T he i r  Siyeh format ion the reby  inc ludes  the  G ran i te  
Park member, the C o l l en ia  frequens  zone,  the Goathaunt member, and the 
C o l l e n ia  svmmetrica zone in descending o rd e r .  They Siyeh and Spokane forma­
t i o n s ,  the P u r c e l l  lavas  and ove r ly ing  Shepard format ion were inc luded  in 
the  Piegan group as o r i g i n a l l y  def ined  by the  Fentons.
In summarizing p rev ious  geo log ic  work in  G lac ie r  Iterk, Ross recognized  
the  upper two l i t h o l o g i e  u n i t s  and presumably the lower u n i t  in the Piegan 
group as d e s c r ib e d  in  t h i s  paper  and by Daly.  He re^def ined  the Siyeh forma­
t i o n  (Ross,  1959, p. 33) to  in c lu d e  only the b lu i s h -g ra y  l imes tone  u n i t  and 
excluded a r g i l l a c e o u s  beds both a t  the top and bottom of  the F en tons '  S iyeh .  
In so doing,  he a l so  r e - d e f i n e d  the Piegan group to inc lude  only h i s  Siyeh 
fo rmat ion ,  and ass igned  the ove r ly ing  g r ay is h -g reen  a r g i l l i t e s  in c lu d in g  
the P u r c e l l  lava  to  the Missoula group and the underlying t r a n s i t i o n a l
( , r o u p Korm;i  I i on Momlier  o r  z o n e C h a r a c t e r T h i c k n e s s  ( f p e i )
I n d i  f f e r e n t  i a t e d A r g i l l i t e  a n d  s a n d s t o n e A . 800.
Mi s s o u  I.j
M i l l e r  I ' e ak
Mo u n t  Hohc  memher M a i n l y r e d  a r g i 1 1 i t e I. :oo.
R o o s v i 1 l e  membe r A r g i l l i t e  a n d  a r g i l l a c e o u s  s a n d s t o n e ;  l a r g e l y  g r e e n i s h
K i n t l a  membc r A r g i l l i t e  a n d  a r g i  11 a c o u s  s a n d s t o n e ;  d o m i n a n t l y  b r i g h t  r e d 0<i0-*t00.
Sh c , ) ; , a r d D o l o m i t e ,  a r g i l l a c e o u s  and  s i l i c e o u s ,  a n d  m a g n e s i a n  l i m e s t o n e ;  d a r k  g r a y ,  g r e e n  
g r a y  and  br ov i n .
1. âOO.
S p o k a n e S t r a t a ,  a r g i  11 a r e o i i s  and a r e n a c e o u s  d o m i n a n t  I y r e d  and  g r e e n ,  t h o u g h  b r o w n ,  b u f f ,  
a n d  g r a v  a r e  a l s o  se . ’ ti. i ' u r c e l l  b a s a l !  i s  i n t e r b e d d e d  w i t h  t h i s  u n i t . .
100- 000 .
P i e g a n
( I r a n i  t e  P a r k  membe r M a g n e s i a n  l i m e s t o n e ,  o o l i t e ,  a r g i l l i t e ,  a n d  g u a r t z i t e ;  g r a y ,  g r e e n i s h - g r a y ,  b r o w n .  
C o l o n i e s  o f  C o l l e n i  a w i 1 1 i  s i  i a b u n d a n t .
200- 000 .
C o l l e n i a  f r e q u e n s  
z o n e
L i m e s t o n e ,  d a r k  g r a y . i n  b i o . s i r o m e s  c o n s i s t i n g  m a i n l y  o f  Co l  l e n i a  f r e q u e n s  and  
C o l l e n i a  v e r s i f o r m i s  w i t h  t h i n  b e d s  o f  l i m e s t o n e  a n d  d o l o m i t e .
1 0 0 - 1.V i .
Co a t  h a u n t  ittl 'mbev l . i m e s t o n e . d o i o n i l e .  and  s u b o r d i n a t e  o o l i t e ,  d o l o m i t i c  s a n d s t o n e ,  and  a r g i l l i t e ;  
p r e v a i l i n g  d a r k  g r a y . Co l l e n i  a w i 1 I i  s i  i a b u n d a n t .
2 . 0 0 0 - 3 . 2 0 0 .
Col  l e n i a  svmniPt  r i ca  
z o n e
f . t u a r t z i t e ,  a r g i l l i t e ,  a n d  a r g i  I I  i t  i c  d o l o m i t e ;  w e a t h e r s  g r e e n ,  h r o wn i  s h ,  o r  h u f f ;  
pn r;> I i s h - r e d  a m  i 11 i t e  i n  t h e  l o w e r  7 â  f t .  C o l l e n i a  s y m m e t r i c a  t h r o u g h o u t .
. 100- ' V O .
bv i one I I
R i s i ng I lu I I A r g i l l i t e ,  i j u a r l  zi  t e . and  mud b r e c c i a ;  s i m i l a r  p h y s i c a l l y  t o  R i s i n g  IVoIf  membe r 6 0 0 - 1 . IOC.
Red C a p , mem. i er Ar g i  H i  t e ;  d o m i n . i n t l y  r e d  b u t  i n c i d e n t a l l y  b r o w n i s h  o r  g r e e n ;  i n t e r b e d d e d  w i t h  p i n k ,  
w h i t e ,  o r  g r e e n  i-■li-wli i 1 e  g u . i r t z i l e ;  b r o wn  s a n d s t o n e ,  a n d  s a n d y  a r g i l l i t e .
Lp  t o  2 . 0 0 0 .
II i '  i I I  g I'.nl 1 I a ' I  I "  , H i i . i r l z l i e .  w h i l e  and , ' i n k .  i n t e r b e d d e d  w i t h  r e d  a r g i l l i t e . 2 0 0 - 7 0 0 .
R a v a l I i Api ' cki i nny
. S c e n i c  P o i n t  i ie i b e r A r g i l l i t e ,  . s a n d s t o n e . c o n g  I o m c r a  I e . mud b r e c c i a ;  g r e e n ,  p u r p l i s h ,  h u f f ,  b r o wn ,  g r a y  
b r o wn  i s ! i - r e d  .
2100-700.
Appi  s t o k i  me mb e r A f g i 1 1 i  t e  g r a y , g n c n .  u l i v e - b r o w n ,  and  r u s t y - g r a y  i n l e r b e d d e d  w i t h  g r e e n i s h ,  w h i t e ,  
a nd  p i n k  g i i a r l / i t e .
2 .0 00 - 2 , 200 .
S i n g  l e  s h o t  n e n b e r A r g i l l i t e  and  g u . i r i  /.i t e  i n t e r b e d d e d  w i t h  b u f f  t o  g r e e n i s h  s i l i c e o u s  d o l o m i t e  
a n d  d o l o m i t i c  s a n d s t o n e .
30 0 - 4 0 0 .
A l l v n
C a r t h e w  membe r M a g n e s i a n  1 i me s t o n e . d o l o m i t e ,  ( j u a r t z i t e  and  i n t e r m e d i a t e  r o c k s ;  b l u e  g r a y ,  
b u f f ,  b r o w n ,  a n d  d a r k  b r o wn  i sh r e d .
700- 00 0 .
H e l l  R o a r i n g  member D . i l o m i ( e  and  d o l o m i t i c  l i m e s t o n e ;  v a r i a b l y  s i l i c e o u s ;  b l u e  g r a y  a n d  g r e e n i s h  
g r a y ;  w e a t h e r s  b u f f .  C o n t a i n s  Col  l e n i a  a I h e r  t e n s i  .s.
1 . 0 0 0 - 1 . 3 0 0 .
W a t e r t o n  member D o l o m i t e ,  d a r k - g r a y  and  r e d d i s h ,  i v e a t h e r s  g r a y ,  r e d d i s h  b r o w n ,  and  b u f f . 2 0 0  w i t h  ba se 
n o t  v i  s i b l e .
TAULE I I I . - - T H E  H; i ,T SERIES 1 \  GLACIER PARK ACCORDI\G TO FENTW AND FENTON' ( f r o m  R o s s .  | b 5 d .  p.  10)
Group Format i on or s i m i l a r  s u b d i v i s i o n Not es T h i c k n e s s
Gr a y i s h - g r e e n  a r g i l l i t e Top u n i t  i n  s e v e r a l  l o c a l i t i e s ,  but  mapped o n l y  on Chai r  Mount ain.  
Commonly a b s e n t .
S e v e r a l  hundred f t .
Main body
The p r i n c i p a l  map u n i t  o f  t he  Mi s s o u l a  g r o u p .  I n c l u d e s  a l l  beds
t h rou gho u t  t he  group not  o t h e r w i s e  d e s i g n a t e d .  Wi t hi n  t h e  body s ub­
o r d i n a t e  u n i t s  have been d i s t i n g u i s h e d  l o c a l l y  and o t h e r s  w i l l  be 
when f u r t h e r  work i s  d o ne .  C o n s i s t s  m a i n l y  o f  r e d - p u r p l e  and green  
a r g i l l i t e ,  in part  c a l c a r e o u s .  I n c l u d e s  l i me s t o n e  o f  v a r y i ng  p u r i t y ,  
s u b o r d i n i t e  q u a r t z i t e ,  and some c o n g l o m e r a t e .  I n c l u d e s  t h e  K i n t l a  
a r g i l l i t e  and p a r t s  o f  t h e  Shepard f o r ma t i o n  o f  p r e v i o u s  wo r k e r s ,  
a l s o  t he  "Spokane" o f  t h e  F e n t o n s .  C o n t a i ns  s t r o m a t o l i t e  z o n e s ,  one 
o f  which has been mapped as t he  Conophvt on zone 2 .
Over 5 , 0 0 0  f t .  where 
not  d e e p l y  e r o d e d .  
In F l a t h e a d  r e g i o n  
may be as  much as  
2 0 , 0 0 0  f t .
Mi s s o u l a
P a l e - p i n k  q u a r t z i t e Mapped o n l y  near Union Pe ak,  but  s mal l  ma s s e s  o f  s i m i l a r  r e l a t i v e l y  
pure q u a r t z i t e  are p r e s e n t  in s e v e r a l  p l a c e s  i n  upper part  o f  group.
Few hundred f t .
L i me s t o n e  l e n s e s I n t e r c a l a t e d  in t he  main body.  Only t h e  l a r g e r  and more d e f i n i t e  
mas s e s  are mapped.  S i m i l a r  t o  t he  S i y e h  l i m e s t o n e  l i t h o l o g i c a l l y  
but  i n c l u d e  a l a r g e r  p r o p o r t i o n  o f  a r g i l l i t e  b e d s .  S t r o m a t o l i t e s  
p r e s e n t .
From a few hundred t o  
over  2 , 0 0 0  f t .
Shepard f o r ma t i o n Ouart ' / . i t e ,  c a l c a r e o u s  q u a r t z i t e ,  and d o l o m i t e  wi t h  s u b o r d i n a t e  a r g i l l ­
i t e .  I n c l u d e s  t he  y e l l o w - w e a t h e r i n g  beds  r i c h  in car bon at e  t h a t  
o v e r l i e  t h e  P u r c e l l  b a s a l t .  One or more s t r o m a t o l i t e  z o n e s .
40 0  f t .
P u r c e l l  b a s a l t D a r k - g r e e n i s h  and p u r p l i s h  l a v a ,  much a l t e r e d  but  o r i g i n a l l y  b a s a l t i c .  
In t he  park t he  p r i n c i p a l  f l o w s  are  a t  or somewhat above t he  t o p  o f  
t he  S i y e h  l i me s t o n e  and below t he  Shepard f o r m a t i o n .
Up t o  200 f t .
Gr e e n i s h  c a l c a r e o u s  a r g i l l i t e D i s c o n t i n u o u s  bas a l  u n i t  g r a d i n g  i n t o  S i y e h  l i m e s t o n e .  Not mapped 
s e p a r a t e l y  in nor t hern  part  of  t he  park,  p a r t l y  becaus e  b as a l  beds  
t h e r e  are  more d i v e r s i f i e d  l i t h o l o g i c a l l y .
Up t o  s e v e r a l  hundred 
f t .
P i eg an
S i y e h  l i m e s t o n e  I h i l l  be broken down i n t o  
s e v e r a l  u n i t s  o f  f o r m a t i o n a l  rank  
e v e n t u a l l y ) .
L i me s t o n e ,  p a r t l y  magnes i an and l o c a l l y  a r g i l l a c e o u s ,  l o c a l l y  o o l i t i c .  
"Molar t oo t h"  markings  arc  common. Dark b l u i s h - g r a y  on f r e s h  f r a c ­
t u r e  and y e l l o w i s h - b r o w n  on weat hered s u r f a c e s .  C o nt a i ns  s e v e r a l  
s t r o m a t o l i t e  z o n e s ,  one o f  whi ch ,  t he  Conophvton zone 1. i s  mapped 
whe rever  r e c o g n i z e d .  A r g i l l a c e o u s  beds  a t  t h e  t o p  a re  here  exc l u de d  
and re garded as  part  o f  Mi s s o u l a  gr o u p .
1 , 0 0 0 - 5 , 0 0 0  f t .  May be 
g r e a t e r  l o c a l l y .
'
G r i n n e l l  a r g i l l i t e  wi t h  a member con­
s i s t i n g  o f  g r a y i s h - b l u e - g r e e n  c a l c a r e ­
ous  a r g i l l i t e  l o c a l l y  d i s t i n g u i s h e d .
The g r a y i s h - b l u c - g r c e n  a r g i l l i t e  i s  a d i s c o n t i n u o u s  g r a d a t i o n a l  zone  
at  t h e  t o p  o f  the  u n i t ,  mapped o n l y  in t h e  F l a t h e a d  r e g i o n .  The 
main part  o f  t he  f o r ma t i o n  c o n t a i n s  r e d - p u r p l e ,  r e d ,  and gr e e n  s i l i ­
ce ous  a r g i l l i t e ,  l o c a l l y  c a l c a r e o u s ,  wi t h  some l i g h t - c o l o r e d  q u a r t z ­
i t e .
1 , 0 0 0 - 4 , 0 0 0  f t .  
Probabl y  near 3 , 00 0  
f t .  i n  most  p l a c e s .
R a v a l l i Appekunny a r g i l  1i t e D a r k - g r a y  and g r e e n i s h  s i l i c e o u s  a r g i l l i t e ,  l o c a l l y  c a l a c a r e o u s  wi t h  
q u a r t z i t e  prominent  l o c a l l y .  S u b o r d i na t e  r e d d i s h  beds i n  p l a c e s .
2 , 0 0 0 - 5 , 0 0 0  f t .
A l t y n  l i m e s t o n e  ( A s s i g n e d  t o  t he  
R a v a l l i  group p r o v i s i o n a l l y .  May 
prove t o  be p r e - R a v a l l i . )
Dark,  somewhat impure magnes i an l i me s t o n e  and d o l o m i t e  t h a t  weat hers  
a d i s t i n c t i v e  g r a y i s h - o r a n g e .  C o n t a i ns  s t r o m a t o l i t e  z o n e s .
2 , 0 0 0  f t .  wi t h  the  
ba s e  not  e x p o s e d .
TABl-F. 1\ . --THE tt l .T SEHIES IN GLACIER PARK AND TIE FLATIIE,U) REGION ACCORDING TO ROSS (I'IS*). p.  I'D
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ca lcareous  green  a r g i l l i t e s  to  the G r in n e l l  a r g i l l i t e  (Tables I I  and IV).
In d e s c r ib i n g  the G r in n e l l  formation in the F la thead  and Swan Ranges, Ross
recognizes  and. maps an upper g r a y i s h -b lu e -g re e n  ca lca reous  a r g i l l i t e  and .
s t a t e s  (1959, p. 30) ;
The uppermost member of  the G r in n e l l  a r g i l l i t e  commonly c o n s i s t s  
of  g r a y i s h -b lu e -g re e n  ca lca reous  a r g i l l i t e  and a r g i l l a c e o u s  l ime­
s tone ,  c o n s t i t u t i n g  a t r a n s i t i o n  zone below the Siyeh l imestone  
fo the Piegan group. This  member con ta ins  a few red -p u rp le  beds, 
and the u n i t  below i t  con ta in s  some green beds.  N eve r the le s s ,  the 
d i s t i n c t i o n  i s  s u f f i c i e n t l y  d e f i n i t e  so t h a t  the t r a n s i t i o n  zone a t  
the  top of the G r in n e l l  has been shown on p l a t e  2. Conceivably t h i s  
t r a n s i t i o n  zone,  or  some p a r t  of  i t ,  corresponds to the "C o l len ia  
symmetrica zone ,"  which the Fentons (1937, p. 1894) d e f in e  as the 
"upper phase of  the t r a n s i t i o n  between the  a r g i l l i t i c  and a ren a ­
ceous G r in n e l l  to the d o lo m i t i c  and limy Siyeh" and p lace  a t  t h e .  
base of  the Siyeh l imes tone as def ined  by them. On t h a t  b a s i s  the 
uppermost member of  the G r in n e l l  as mapped on p l a t e  2 would become 
the  basa l  u n i t  of the Siyeh l imes tone .
He a l s o  remarks (1959, p. 31) :
During the p r e s e n t  i n v e s t i g a t i o n  the G r in n e l l  a r g i l l i t e  was s tud ied  
more c l o s e l y  in the southern p a r t  of G la c i e r  National  Park than in  
the  a rea  n o r th  of  l a t i t u d e  48° 40*. Where exmined, the 3 s u b - d iv i s io n s  
noted in  the Swan Range are probably  p r e s e n t ,  but the d i s t i n c t i o n s  
between the lower 2 a re  inconsp icuous .  The t r a n s i t i o n  zone a t  the top 
i s  c e r t a i n l y  p r e s e n t  in  most l o c a l i t i e s  but ,  where seen,  i s  l e s s  con­
spicuous than in the Swan Range. This  may be due to  absence of 
prominent  exposures  of  the u n i t  along the l i n e s  of t r a v e r s e  r a t h e r  
than to any fundamental  s t r a t i g r a p h i e  d i f f e r e n c e .
As Ross sugges ts  i t  i s  conce ivable ,  indeed p robab le ,  t h a t  t h i s  green cal  
careous  a r g i l l i t e  u n i t  i s  c o r r e l a t i v e  with the Co l l en ia  svmmetrica zone of 
the Fentons which, in tu rn ,  i s  recognized as a l i t h o l o g i e  u n i t  ove r ly ing  
the R a f a l l i  group (as used in t h i s  paper)  as f a r  west as the  W hi te f ish  
Range by Daly,  and in  the P u r c e l l  Mountains by the w r i t e r .  A s i m i l a r  l i t h o ­
lo g ie  u n i t  ove r ly ing  the R a v a l l i  group i s  recognized  by Johns (1959, p. 12) 
in the  v i c i n i t y  of  Libby,  Montana. In view of the f a c t  t h a t  t h i s  a r g i l l a ­
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ceous u n i t  i s  recogn izab le  over a la rge  area  and i s  l i t h o l o g i c a l l y  more 
s i m i l a r  to  the  Siyeh fo rm at ion  than to the R a v a l l i  group ,  t h i s  w r i t e r  p ro ­
poses t h a t  the green ca lca reous  a r g i l l i t e  be given fo rmat ional  rank and be 
inc luded  a t  the base of  the Piegan group as o r i g i n a l l y  suggested by the 
Fen tons .  Ross* r e s t r i c t i o n  of  the name Siyeh formation to the middle b lue -  
gray  l imes tone  u n i t ,  which i s  widespread as a d i s t i n c t  mappable u n i t  
th roughout no r thw es te rn  Montana, i s  l o g i c a l  in t h i s  ivriter* s op in ion  (F ig ,  2 ) .  
With the e s t a b l i s h m e n t  of a c o n s i s t e n t  upper co n tac t  between the Missoula 
and Piegan groups as d i scu ssed  below, the upper g ree n i sh -g ra y  a r g i l l a c e o u s  
u n i t  can be recognized  th roughout most of nor thwes te rn  Montana and deserves  
fo rm a t iona l  rank in the Piegan group.
Canadian g e o l o g i s t s  recognize  s i m i l a r  l i t h o l o g i e  u n i t s  between the 
P u rc e l l  lava  and the Cres ton  formation in the P u r c e l l  Range of B r i t i s h  
Columbia. The lower two l i t h o l o g i e  u n i t s  are ca l l e d  the Kitchener  ,forma­
t i o n  which i s  g r o s s l y  e q u i v a l e n t  to the Fentons* Siyeh formation ( exc lud ­
ing the G ran i te  Park member). The upper l i t h o l o g i e  u n i t  is  c a l l e d  the 
Siyeh fo rmat ion  and i s  e q u i v a l e n t  to the green  a r g i l l i t e  and a r g i l l a c e o u s  
q u a r t z i t e  u n i t  under ly ing  the P u r c e l l  lavas  in G lac ie r  Park and the P u r c e l l  
Mountains of  Montana, Recent Canadian g e o l o g i s t s  (Leech, 1960, Map 11-1960) 
have sugges ted  t h a t  t h e i r  Siyeh formation should a l s o  include  most o f  the 
Kitchener  fo rm a t ion ,  i . e . ,  the b lue -g ra y  l imes tone  u n i t ,  or Sieyh ( r e s t r i c t e d )  
of  Ross.
P iegan-M issou la  C o n ta c t ; Ambiguous placement of  the upper con tac t  of 
the Piegan group with the over ly ing  Missoula group can be a t t r i b u t e d  to the 
lack of  d e t a i l e d  geo log ic  mapping in the Be4t s e c t i o n  of nor thwes te rn
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General  L ilno logy
A r g i l l i t e
G r inne l l
Appekunny
Q u a r la t le
Limestone and Dolomite
A r g i l l i t e  and Q u a r tz i t e
P u rc e l l  lava
Jlorizont.i l  S c a le :  1 * 22 ,5  mi. 
V e r t i c a l  S c a l e :  1“ ■ 6.00Ô f t .
Note: See Table II f o r  d e t a i l e d  local  form ational  
names in  columns and F igu re  2 f o r  l i n e  of 
c r o s s - s e c t i o n .Pri  chard
FIGURE 3 : —STRATIOIAPHIC CROSS-SECTION OF TIC 1£LT SERIES OF NORTOhESTERN MONTANA SHOWING MAJOR LUHCLOCIC UNITS
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Montana. The comparison of nomenclature used f o r  s t r a t a  above the  P u rc e l l  
l avas  as shown in Table I I  i s  an i n t e r p r e t a t i o n  based on l im i ted  publ ished 
and unpublished d a t a .  Although the r e l a t i o n s  are be l ieved  to  be c o r r e c t  in 
a broad sense ,  the c o r r e l a t i o n s  may be s u b je c t  to change with accumulat ion 
o f  a d d i t i o n a l  in fo rm at ion .  I t  i s  im por tan t ,  however, to e s t a b l i s h  a 
c o n s i s t e n t  and recogn izab le  s t r a t i g r a p h i e  horizon as the base of  the 
Missoula group.  In t h i s  r e s p e c t  the fo l low ing  d i s c u s s io n  w i l l  be l im i ted  
to  the K i n t l a ,  Shepard,  Gateway and S t r i p e d  Peak formations with b r i e f  
comments concern ing  o the r  fo rm at ions .
In d e s c r i b i n g  the sequence of rocks  ove r ly in g  the P u rc e l l  lavas  in 
the  W hi te f i sh  Range (Galton s e r i e s ,  Table I I ) ,  Daly (1912) proposed the 
names Gateway, P h i l l i p s  and R oosv i l l e  format ions  in ascending o rd e r .  He 
in d i c a t e d  t h a t  the lower p a r t  of  the Gateway was equ iv a len t  to the  Shepard 
fo rmat ion  as def ined  in G la c i e r  Nationa l  Park because of the s i m i l a r i t y  in 
l i t h o l o g y  and the prox im i ty  to  the P u rc e l l  l a v a s .  Overlying the Shepard 
in G la c i e r  Park i s  the  K in t l a  format ion which has r e c e n t ly  been recognized  
as f a r  west as  Rexford, Montana by Sommers (pe rsona l  communication).
During the course  of r e c e n t  geo log ic  mapping of t h a t  p a r t  o f  B r i t i s h  
Columbia no r th  of  G la c i e r  Nat ional  Park and the Whi tef ish  Range, R. P r ice  
o f  the Canadian Geologica l  Survey recognized  seve ra l  l i t h o l o g i e  u n i t s  above 
the  P u r c e l l  l a v a s .  Though i t  may be s u b je c t  to r e v i s i o n ,  h i s  d e s c r i p t i o n  
o f  the se  u n i t s  and h i s  i n t e r p r e t a t i o n  of  t h e i r  r e l a t i o n s h i p  to  D a ly ' s  
Galton s e r i e s  i s  as fo l lows  (unpubli shed  p ro g re s s  r e p o r t s ,  K oo tena i -F la thead  
p r o j e c t )  :
4 2
K i n t l a  D, e q u iv a le n t  to  
R o o s v i l i e
K i n t l a  C, e q u iv a len t  to 
P h i l l i p s
K i n t l a  B, e q u i v a le n t  to 
upper Gateway
K i n t l a  A, e q u iv a le n t  to 
b a s a l  Gateway
Shepard fo rmat ion ,  equi*- 
v a l e n t  to basa l  Missoula 
group
P u r c e l l  lava ,  a t  base of 
Missoula group
Mostly green a r g i l l i t e ,  some 
d o lo m i t i c  and sandy a r g i l l i t e  
with some banding. 0-350 f e e t  
t h i ck
Pink and red q u a r t z i t e ,  some 
minor a r g i l l a c e o u s  sands tone .
700 f e e t  th ick
Green a r g i l l i t e  and d o lo m i t i c  
a r g i l l i t e ,  co n s id e ra b le  banding 
800-1,000 f e e t  th ick
P urp le -g ray  sandstone and 
a r g i l l a c e o u s  sandstone ,  some 
purp le  a r g i l l i t e  p a r t i n g s .
1,000 f e e t  th ick
Some g ray -g reen  a r g i l l i t e ,  d o lo ­
m i t i c  sandstone ,  and o o l i t i c  
do lom ite .  700 f e e t  th i ck
Two flows of  da rk -g ray  to green- 
gray an d é s i t e  with f low and 
p i l lo w  s t r u c t u r e .  300-500 . f e e t  
t h i ck
Thus i t  can be demonstrated t h a t  the top of the Piegan group as de f ined  by 
the  Fentons ,  i . e . ,  the top of  the Shepard fo rmat ion ,  can be c a r r i e d  westward 
to  the v i c i n i t y  of  Rexford,  Montana. I t  i s  not  p o s s i b l e  to t r a c e  the Shepard 
fo rm at ion  as a l i t h o l o g i e  u n i t  southwestward i n t o  the Libby a rea  because of 
Laramide f o ld i n g  and f a u l t i n g  and subsequent  removal of  s t r a t a  by e ros ion  
in the i n t e r v e n in g  a re a .
Gibson (1948, p.  17) g ives  the fo l lowing  gen e ra l i z e d  s e c t i o n  of  the  
S t r i p e d  Peak format ion as exposed in the Cabinet  Range with a d d i t i o n  of  





Green sandy micaceous sha le  150
In te rbedded  green  and red  snady shale 300 K in t ia  B
Thin-bedded red  and green  sha le ;  some beds
show c a s t s  of  s a l t  c r y s t a l s  250 _________
In te rbedded  red  s h a l e ,  red sandstone,  and
a l g a l  l imestone  300
Green medium-bedded sha ly  q u a r t z ! te  50 K in t ia  A
Red sha le  and sha ly  sandstone 550
Red and g ray -g reen  micaceous sha le  and
shaly  sandstone 300
Bottom, red sha le  100
To ta l  2,500
Base conformable to Wallace formation Shepard
In comparing the s t r a t i g r a p h i e  s e c t i o n s ,  i t  i s  apparen t  tha t  the S t r ip e d  
Peak fo rmat ion ,  which o v e r l i e s  the Piegan group (eq u iv a le n t  to the Wallace 
formation) of the Libby a r e a ,  i s  correspond ing ly  th ick  and l i t h o l o g i c a l l y  
s im i l a r  to  the K in t i a  A, B and C u n i t s  de sc r ibe d  by P r i c e .  Therefore,» they 
are  t e n t a t i v e l y  cons idered  to  be e q u i v a l e n t .  The over ly ing Libby,  R oosv i l l e  
and K in t i a  D format ions  a re  q u i t e  s im i l a r  in  t h e i r  l i t h o l o g i e  c h a r a c t e r i s t i c s  
and are a l so  t e n t a t i v e l y  considered e q u iv a le n t  (Table I I ) .
In view of  the  preced ing  d i s c u s s io n ,  the Shepard format ion would be 
e q u iv a le n t  to undefined  beds o f  the upper Wallace formation in  the Libby 
a rea  as well as t o  the basa l  Gateway of Leech and Daly.  Indeed, in the 
absence of  the P u r c e l l  l a v as ,  i t  would be im poss ib le  to d i s t i n g u i s h  the 
Shepard .•'formation from the under ly ing  upper g r e e n i s h - g r a y  a r g i l l i t e  and 
a r g i l l a c e o u s  q u a r t z ! te  u n i t  of the Wallace format ion in the NW 15-minute 
Ural quadrang le .  T he re fo re ,  in t h i s  w r i t e r ’ s op in ion  the upper con tac t  of  
the Piegan group as used in  the Libby area by Johns i s  c o n s i s t e n t  with the 
o r i g i n a l  d e f i n i t i o n  by the  Fen tons.  I t  i s  hereby suggested t h a t  the
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Shepard fo rmat ion  be r ed e f in e d  to  inc lude  the g ray i s h -g re e n  a r g i l l i t e  and 
a r g i l l a c e o u s  q u a r t z i t e  u n i t  between the Siyeh format ion  ( r e s t r i c t e d )  and 
the S t r i p e d  P eak-K in t la  e q u i v a l e n t s  (F ig .  3). All  l i t h o l o g i e  u n i t s  above . 
the  Shepard format ion and i t s  e q u i v a l e n t s ,  i . e . ,  the K in t i a  and i t s  
e q u i v a l e n t s ,  as wel l  as younger s t r a t a ,  would be placed  in the Missoula 
group accord ing  to t h i s  usage (Table I I ) .
The P u r c e l l  lavas  make an e x c e l l e n t  t i m e - s t r a t i g r a p h i c  horizon wherr 
eve r  they are p r e s e n t  and exposed,  and some g e o l o g i s t s  cons ider  the top 
o f  them as t h e .b a s e  of  the Missou la  group.  However, the lavas  a re  exposed 
only in  the n o r th e rn  p a r t s  o f  G la c i e r  Park,  the Whi te f i sh  Range and the  
P u r c e l l  Mountains and a re  not  known to  ex tend more than about 10 mi les  
south of  the  I n t e r n a t i o n a l  Boundary. In t h i s  r e s p e c t  the P u rc e l l  lavas  
are l im i t e d  in t h e i r  p o t e n t i a l  as a means of r e g io n a l  c o r r e l a t i o n  in Montana.
Ross (1959) encountered  some d i f f i c u l t y  in t r a c i n g  Shepard and K in t i a  
e q u i v a l e n t s  southward from G la c i e r  Park i n t o  the F la thead  and Swan Ranges 
in the  absence of the  P u r c e l l  l a v a s .  For t h i s  reason  and the f a c t  t h a t  
beds above the massive b lu e -g ra y  l imes tone a re  more " c l a s t i c ' '  in  n a t u r e ,  
he p laced  the  base o f  the Missoula a t  the top of  the  Siyeh format ion as 
d e f ine d  by him (Table I I ) .  Th is  con tac t  may be the most e a s i l y  recognized  
in  the  f i e l d  in the absence of  o th e r  c o r r e l a t a b l e  hor izons  h igher  in the 
s e c t i o n .  However, c o n s id e r in g  t h e i r  widespread occur rence to the wes t ,  i t  
i s  conce ivab le  t h a t  K in t i a  e q u i v a l e n t s  in the a rea  w i l l  be recognized with 
more d e t a i l e d  mapping. In c o n s id e ra t io n  of  the evidence  suppor t ing  the 
o r i g i n a l  use of  the name Missoula group by the  Fentons in nor thweste rn  
Montana, Ross '  usaae i s  be l ieved  somewhat ex treme.  In r e a l i t y ,  even the use
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of the term Missoula group (as used in t h i s  paper)  i s  a r b i t r a r y  s ince  d i r e c t  
c o r r e l a t i o n s  northward from the type area  near  Missoula,  Montana have not 
been made to  d a t e .  However, in view of the f a c t  t h a t  mappable l i t h o l o g i e  
u n i t s  do e x i s t  throughout northwes te rn  Montana, every e f f o r t  should be 
made to  be c o n s i s t e n t  in the  use o f  e x i s t i n g  nomencla ture.
In con s lu s io n ,  i t  i s  recognized  t h a t  the  Altyn l imestone i s  e q u iv a le n t  
to  the upper P r icha rd  beds and t h a t  both should be included in the pre-  
R a v a l l i  group .  The R a v a l l i  group (und ivided)  i s  e q u iv a len t  to the Creston 
fo rmat ion  of  Canada and the  Appekunny and G r in n e l l  a r g i l l i t e s ,  exc lud ing  
the b lu e -g re en  ca lca reous  a r g i l l i t e  u n i t  de sc r ib e d  by Ross. The Piegan 
group as de f ined  by the Fentons  can be recognized throughout nor thw es te rn  
Montana, al though dur ing  reconna is sance  mapping in the  F la thead  and Swan 
Ranges,  the upper con tac t  could not  be a c c u r a t e l y  mapped according to Ross. 
As used in t h i s  paper the Piegan group inc ludes  a lower green ca lca reous  
a r g i l l i t e  u n i t ,  a middle b lu e -g ra y  l imes tone u n i t ,  and an upper g r e e n i s h -  
gray  a r g i l l i t e  and a r g i l l a c e o u s  q u a r t z i t e  u n i t ,  a l l  of which are widespread 
in  e x t e n t .  Contrary  to  the v a r i e t y  of  usage,  the term Siyeh format ion  
should be r e s t r i c t e d  to  the  middle l imes tone  u n i t  as suggested by Ross.
The upper u n i t  inc lud ing  the P u rc e l l  lavas  could well  be c a l led  the 
Shepard format ion  ( red e f in ed )  and the lower u n i t  i s  p r e s e n t l y  unnamed. 
Sediments inc luded  in the Missoula group a re  r e s t r i c t e d  to those  ly ing  above 
the upper g ree n i sh -g ra y  a r g i l l i t e  and q u a r t z i t e  u n i t  of  the Piegan group 
( t h i s  p ap e r ) ,  al though use of  the name Missoula group may e v e n t u a l l y  prove 
to  be i n c o n s i s t e n t  with t h a t  in i t s  type a r e a .  The suggested use of e x i s t ­
ing nomenclature fo r  mappable l i t h o l o g i e  u n i t s  in nor th  western Montana i s
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i l l u s t r a t e d  in F igure  3.
IGNEOUS ROCKS
Igneous*rocks  exposed in the map area are l im i ted  to  the P u r c e l l  s i l l s  
and the  P u r c e l l  l avas ,  both of  which are of  Late Precambrian age.
P u r c e l l  Lavas : Daly (1912) encountered  b a s i c  e x t ru s i v e  rocks  i n t e r ­
bedded with b e l t  sediments in the P u r c e l l  Range whi le  mapping the geology 
along the 49th p a r a l l e l  and subsequen t ly  ca l l e d  them the P u r c e l l  l a v a s .
The P u r c e l l  l avas  are well  exposed in  the w a l l s  of  a m p h i th e a t e r - l i k e  
g l a c i a l  c i rq u e s  on e i t h e r  s ide  of  the main no r th -g rend ing  r idge  in the n o r th ­
wes te rn  corner  of  the map a rea  where they  occur in the trough of  a n o r th ­
ward-plunging sy n c l in e .  These l im i ted  outc rops  in the P u r c e l l  Mountains of  
Montana r e p r e s e n t  the sou thern-most  ex tens ion  of the widespread P u r c e l l  lavas  
o f  s o u th e a s t e rn  B r i t i s h  Columbia. The lava-capped s u b s id ia ry  r i d g e s  and 
Robinson Mountain owe t h e i r  h e i g h t  and ruggedness to the r e s i s t a n t  n a tu re  
of  the v o lc a n ic  rocks .  The P u r c e l l  l avas ,  which are  in terbedded  with the 
upper-most  s t r a t a  of  the Piegan group and are o v e r l a in  by the Shepard forma­
t i o n ,  c o n s i s t  of  a lower b a s i c  f low and an upper a c i d i c  flow sepa ra ted  by 
approx im ate ly  75 f e e t  of  th in -bedded  g r e e n i s h -g ra y  a r g i l l i t e s  and q u a r t z i t e s .  
Loca l ly ,  the two f lows were d i f f e r e n t i a t e d  because of  the complexity of 
f a u l t i n g  and the p a u c i ty  of  ou tc ro p s .
Lower Flow; The lower f low i s  an e s t im a ted  450 f e e t  th i ck  and can be 
subdiv ided  i n t o  th r e e  zones ;  a lower lava b r e c c ia  zone, i . e . ,  a lava  con­
t a i n i n g  angu la r  fragments of  sed iments ,  a middle h igh ly  p o r p h y r i t i c ,  non- 
amygdaloidal  lava zone, and an upper a p h a n i t i c  amygdaloidal lava  zone.  The 
lava b r e c c ia  zone ranoes from 5 to  40 f e e t  in t h i c k e n s  and i s  the  r e s u l t  of
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lava  having flowed on s o f t ,  unconso lida ted  sediment,  with subsequent  i n c o r ­
p o ra t io n  of  the sediment i n t o  the la va .  Loca l ly ,  blocks  of c o n s o l id a te d ,  
r ipp le -marked  sediment,  rang ing  up to seve ra l  f e e t  in  d iamete r ,  have been 
inc luded  in  the lava .  The lava  i t s e l f  i s  a s l i g h t l y  amygdaloidal,  a p h a n i t i c ,  
p a l e  g re e n i s h -c o lo r e d  rock co n ta in in g  l a t h - l i k e  dark green-b lack  b le b s .
In th in  s e c t i o n  the groundmass i s  h igh ly  a l t e r e d  to  s e r i c i t e  and c h l o r i t e ,  
and the dark  b lebs  proved to be a mixture of  c h l o r i t e  and secondary q u a r t z  
which have almost comple te ly  rep la ced  p l a g i o c l a s e  (?) phenocrys ts .  The 
amygdules c o n s i s t  of q u a r t z  rimmed with c h l o r i t e .  Genera l ly ,  the co n tac t  
between the lava  and under ly ing  s t r a t a  i s  conformable and the u n co n s o l i ­
da ted  sediments were r a r e l y  baked to a depth g r e a t e r  than 6 inches  (P I .  VJ. ,  
F ig .  1) .
The middle zone averages  200 f e e t  in t h i c k n e s s  and c o n s i s t s  of  a mas­
s iv e ,  dark g ray i s h -g re e n  p o r p h y r i t i c  b a s a l t  co n ta in in g  l a t h - l i k e  p l a g io c l a s e  
phenocrys ts  up to  4 cm long and 0 .5  cm wide (P I .  VI, F ig .  2) .  The only o the r  
m i c r o s c o p ic a l ly  i d e n t i f i a b l e  m ine ra ls  are small oc tahedra  of m a g n e t i t e .  
Loca lized  a l t e r n a t i n g  bands of  n o n - p o r p h y r i t i c  and p r o p h y r i t i c  lava  suggest  
t h a t  the zone c o n s i s t s  of  s e v e ra l  flow u n i t s .  In t h i n  s e c t i o n  the lavas  were 
found to be profoundly  a l t e r e d  to  a f i n e - g r a i n e d  m a t r ix  of  c h l o r i t e ,  c ry p to ­
c r y s t a l l i n e  q u a r tz  and i l m e n i t e  surrounding the p l a g io c l a s e  phenocrys t s .
The p l a g io c l a s e  i s  h igh ly  s e r i c i t i z e d ,  al though a few of the l e s s  a l t e r e d  
c r y s t a l s  gave maximum e x t i n c t i o n  angles  of 16° as measured from the  t r a c e  
of  a l b i t e  tw inning .  Although Daly (1912) r e p o r t s  l a b r a d o r ! te  in rocks  
from the same l o c a l i t y ,  the composit ion of  the l e s s  a l t e r e d  p l a g io c l a s e ,  
i . e . ,  andes ine ,  i s  more c o n s i s t e n t  with the high degree of a l t e r a t i o n  of
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the  b a s a l t .  S c a t t e r e d  masses of  secondary i lm e n i t e  needles  a r ranged 
p a r a l l e l  t o  cleavage  p lanes  in a m a t r ix  of  c h l o r i t e  a re  i n t e r p r e t e d  as 
being r e l i c t  s t r u c t u r e s  of amphibole and pyroxene ( P I .  VII , F ig .  1) .
Blebs of  p e n n i n i t e  and green c h l o r i t e  in te rg row ths  in these rocks are  
a l s o  njost l i k e l y  the a l t e r a t i o n  p roduc ts  cf ferro-magnps ian m in e ra l s .
The upper zone of  the lower f low in c lu d es  numerous flow u n i t s  rang­
ing  from 6 inches  to  s e v e ra l  f e e t  in th i c k n e s s .  The rock type i s  a non- 
p o r p h y r i t i c ,  h igh ly  amygdaloidal  dark g r e e n i s h -b l a c k  b a s a l t  c o n ta in in g  
s c a t t e r e d  p l a g i o c l a s e  phenocrys ts  up to  0 ,5  cm long and sparse  oc tahedra  
of  m a g n e t i t e .  The e n t i r e  sequence i s  approxim ate ly  200 f e e t  t h i c k .  The 
lava a d j a c e n t  to the c o n t a c t s  of  each succeeding f low u n i t  i s  a dusky- 
ye l low co lo r  which grades  i n t o  the c h a r a c t e r i s t i c  g r e en i sh -b lack  co lo r  
of  the b a s a l t .  As seen in th i n  s e c t i o n  p l a g i o c l a s e  phenocrys ts  along 
t h i s  c o n tac t  are badly deformed and are a r ranged  p a r a l l e l  to the flo)v u n i t  
co n tac t  in a manner implying f lowage.  The pronounced c o n t ra s t  in  co lo r  may 
be due to r ap id  c h i l l i n g  of  the lava a t  i t s  upper and lower s u r f a c e s .  
Loca l ly ,  the f low u n i t s  a re  sepa ra ted  by th in  beds of l i g h t - g r a y  m agne t i t e -  
bear ing  a r g i l l i t e .  Many f low u n i t s  a re  c h a ra c te r i z e d  by v e r t i c a l  pipe 
amygdules nea r  the base t h a t  blend i n t o  round amygdules which in tu rn  
grade i n t o  a zone of h o r i z o n t a l l y  e longated  amydgules arranged in a 
p a r a l l e l  manner sugges t ing  flowage nea r  the s u r face  of the f low (P I .  VII , 
F ig .  2 ) .  A few ropy su r f a c e s  on f low u n i t s  were noted (P I ,  V I I I ,  F ig .  1) . 
The amygdules c o n s i s t  of q u a r tz  with minor amounts of specu la r  hem at i te ,  
c h l o r i t e  and c a l c i t e .  Study of  th in  s e c t i o n s  r e v e a l s  t h a t  the lava i s  
ii itci iScl^ a l t e r e d  to a mass of p a le -g reen  secondary c h l o r i t e ,  c ry p to c ry s -
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P la te  VI
%?
Figure  1. Contact between P urce l l  lava and underlying 
s t r a t a  of upper Piegan group on r idge southwest of 
Robinson Mountain.
Figure 2 .  I M ag i o r  ) a p l n M i o r r x  s  i. ;.  on a i . a i l e - | - . - d  M i r l a e e
of I'llrc"I I lava in i Ic Imv'-i l loi..
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Figure 1. R e l i c t  s t r u c t u r e  of  amphibole formed by a l t e r a ­
t ion  to i lmeni te  and c h l o r i t e .  Specimen from lower 
P u rce l l  lava flow. Plane l i g h t .
Figure 2. Four- foo t  th ick flow unit  in lower Purce l l  lava 
flow exposed on main r idge 1 mile nor th of Robinson 
Mountain. Shows c h i l l e d  (?) contac t  and v e r t i c a l  and 
ho r iz o n ta l  o r i e n t a t i o n  of  amygdules.
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P la t e  VIII
Figure  I .  Ropy surface  on boulder of Purce l l  lava in 
c i rque  south of  Lake Geneva.
-j
Figure  2. Photomicrograph of magneti te  on con tact  between 
a r g i l l i t e  and lava.  Feathery opaque mineral in lava is  
secondary i lmeni te .  Plane l i g h t .
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t a l l i n e  q u a r t z ,  a l t e r e d  m i c r o l i t e s  of  p l a g io c l a s e  and abundant n eed le s  of 
secondary i l m e n t i t e .  In some flow u n i t s  the p l a g i o c l a s e  phenocrys ts  are 
somewhat co a r s e r  and e x h i b i t  a t r a c h i t i c  t e x tu r e  in th in  s e c t io n .
Upper f low: The p au c i ty  of  ou tcrops p ro h ib i t e d  a complete examination
of  the upper lava f low in the  f i e l d  and i t s  t o t a l  th i ckness  i s  unknown, 
al though  i t  most l i k e l y  does not  exceed 100 f e e t .  The lower 20 f e e t  con­
s i s t s  of  a r h y o l i t e  or  q u a r t z  l a t i t e  f low and i s  unique in t h a t  i t  has no 
known c o u n te rp a r t  in the P u r c e l l  lavas  of o the r  a r e a s .  The rock i s  a 
g r a y i s h -g re e n  p o r p h y r i t i c  lava with phenocrys ts  o f  q u a r t z  up to  1 cm in 
d ia m e te r  and p l a t i o c l a s e  up to  4 cm in l e ng th .  The p la g io c l a s e  phenocrys ts  
in hand specimen have a pronounced green ish  t i n g e  and examination of  th in  
s e c t i o n s  r e v e a l s  t h e i r  r a t h e r  complete a l t e r a t i o n  to  c h l o r i t e ,  s e r i c i t e  
and c r y p t b c r y s t a l l i n e  q u a r t z .  Both t h e p l a g io c l a s e  and qua r tz  are subs tan-  
t a i l l y  embayed sugges t ing  t h a t  they were somewhat outofequ i l ib rium with the 
l i q u i d  l a va .  Potassium f e l d s p a r  i s  p r e s e n t ,  but in subord ina te  amounts to 
p l a g i o c l a s e .  The groundmass was probably once a g l a s s ,  but i s  now complete ly 
d e v i t r i f i e d  to a mass of  secondary c h l o r i t e ,  s e r i c i t e  and q u a r t z  with 
leucoxene ,  a p a t i t e  and z i rc o n  as accessory  m in e r a l s .  The ove r ly ing  rock 
type i s  a g r a y i s h -g re e n  s l i g h t l y  v e s i c u l a r  b a s a l t  s im i l a r  in appearance to 
the n o n -p o rp h y r i t i c  b a s a l t  in  the middle zone of the  lower f low. The 
v e s i c l e s  are commonly f i l l e d  with qua r tz  and brown c a l c i t e .  As in d i c a te d  
p re v io u s ly ,  the upper co n tac t  of  the flow was eroded to  an unknown depth in 
t h i s  a rea  befo re  d e p o s i t i o n  of the Shepard fo rmat ion .
A l t e r a t i o n  of the Lavas; Comparison of the fo l lowing  chemical ana lyses  
i n d i c a t e s  the high degree of a l t e r a t i o n  in the P u r c e l l  l avas .  Column 1
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i s  the chemical composit ion of a specimen of P u rc e l l  lava ( p o r p h y r i t i c  
b a s a l t  in middle zone of  lower flow) c o l l e c t e d  j u s t  nor th  of  Robinson Moun­
t a i n  by Daly (1912, p. 210). Column 2 i s  the average composit ion of  a normal 
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I t  i s  r e a d i l y  apparent  t h a t  the P u r c e l l  lava i s  abnormally low in s i l i c a  
and calcium oxide,  and high in alumina and magnesium oxide .  The l a t t e r  i s  
a r e f l e c t i o n  of the abundant secondary c h l o r i t e  and s e r i c i t e  p r e s e n t  in the 
l a v a s ,  and the low calcium con ten t  probably r e f l e c t s  the  r a t h e r  complete 
a l t e r a t i o n  of  the c a l c i c  p l a g i o c l a s e  to  clay m in e ra l s .  The a n a l y s i s  of 
th e  P u r c e l l  lavas  does not  lend i t s e l f  to c a l c u l a t i o n  of  i t s  normative 
minera logy because of  the i n t e n s e  a l t e r a t i o n .
T e x tu ra l  r e l a t i o n s h i p s  of  opaque minera ls  can be used to i n t e r p r e t  
t h e i r  p e t ro g e n e s i s  and the a l t e r a t i o n  h i s t o r y  of the lavas .  Microscopic 
exam inat ion of  th in  s e c t i o n s  cut normal to the con tac t  between two succes­
s iv e  flow u n i t s  in the upper lava zone of the lower f low sugges ts  t h a t
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d e u t e r i c  a l t e r a t i o n  i s  r e s p o n s ib l e  f o r  t h e i r  high degree  of a l t e r a t i o n .
The abundant f e a t h e r - l i k e  need les  of i l m e n i t e ,  which a re  c l e a r l y  a l t e r a t i o n  
p roduc ts ,  are s h a rp ly  t ru n c a te d  by the succeeding  lava f low, i . e . ,  the 
a l t e r a t i o n  of  fe r ro -m agnes ian  m ine ra l s  to i l m e n i t e ,  e t c . ,  was e s s e n t a i l l y  
complete before the  next  f low occur red .  The hardened s k i n - l i k e  su r face  
of a cool ing  lava f low conce ivable  could confine escaping  gasses  and 
r e s i d u a l  s o l u t i o n s ,  thus  enhancing d e u t e r i c  a l t e r a t i o n  in the slowly 
coo l ing  i n t e r i o r  p o r t i o n s  of the f low. Also,  the sediments s t r a t i g r a p h -  
i c a l l y  above and below the P u r c e l l  lavas  are r e l a t i v e l y  u n a l t e r e d ,  sugges­
t i n g  th a t  the in t e n s e  a l t e r a t i o n  was l im i t e d  to the lavas  dur ing  t h e i r  
coo l ing  pe r iod  r a t h e r  than to  pronounced e p i g e n e t i c  a l t e r a t i o n .  This  
does not  p rec lude  the f a c t  t h a t  the lavas  again underwent s l i g h t  a l t e r a ­
t i o n  dur ing  the mild r e g io n a l  metamorphism of the  Be lt  sed iments .  ,
In c o n t r a s t  to the i l m e n i t e ,  the m agne t i t e  oc tahedra  are  younger in 
r e l a t i v e  age and t h e i r  c r y s t a l l i z a t i o n  i s  not g e n e t i c a l l y  r e l a t e d  to the 
cool ing  of  the lava  f lows.  In view of the f a c t  t h a t  the magne t i t e  i s  
a l s o  found in  the t h i n  lenses  of a r g i l l i t e  between f low u n i t s ,  as i n d i ­
ca ted  below i t  cannot be regarded as a primary c o n s t i t u e n t  of  the lava or 
even a secondary c o n s t i t u e n t  r e s u l t i n g  from the d e u t e r i c  a l t e r a t i o n  of 
the l a v a s .  F igure  2 (P I .  VIII)  shows a c r y s t a l  of  magnet i t e  s t r a d d l i n g  the 
con tac t  between the lava and sediment,  thus i n d i c a t i n g  i t s  age r e l a t i v e  to 
both the lava  and the sediment.  Magneti te  oc tahedra  were a l s o  observed in 
a r g i l l i t e s  of the over ly ing  Shepard fo rmat ion .  I t  i s  more l i k e l y  tha t  
the m agne t i t e  in the lavas  i s  g e n e t i c a l l y  r e l a t e d  to the magne ti te  noted 
in the R ava l l i  q u a r t z i t e .
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P u r c e l l  S i l l s : The P u r c e l l  s i l l s  exposed in the map area  are l im i ted
to  small m e ta d io r i t e  s i l l s  exposed in the no r thern  p a r t  of  the map a rea .
The Young Creek s i l l  was in t ruded  in t o  upper R ava l l i  sediments and c o n s i s t s  
of  approxim ate ly  100 f e e t  of  a p h a n i t i c  dark g r e e n i sh -g ra y  rock with no 
m a c rosc op ica l ly  i d e n t i f i a b l e  m in e ra l s .  In th in  s ec t io n  the rock i s  
composed e s s e n t i a l l y  of  h ig h ly  a l t e r e d  p l a g io c l a s e  m i c r o l i t e s  in a ma tr ix  
of c h l o r i t e  and minor amounts o f  secondary q u a r t z  and i lm e n i t e .  The 
a l t e r a t i o n  of  fe r ro-magnesian  m inera ls  to  i lm en i te  and c h l o r i t e  i s  very 
s i m i l a r  to  t h a t  of  the l a v a s .  Accessory m inera ls  inc lude  a p a t i t e  and 
secondary c a l c i t e .  The sediments in con tac t  with the s i l l  a re  baked to  
a hard ,  bleached q u a r t z i t e  through a d i s t a n c e  of  s eve ra l  f e e t .
Another small s i l l  exposed in the ci rque w al l s  at  the head of C a r i ­
bou Creek west of  Robinson Mountain has in t ruded  s t r a t a  of  the upper 
Piegan group a t  a horizon approximate ly  300 f e e t  below the P u r c e l l  laVas.  
This  i s  an a p h a n i t i c  g reen-g ray  rock with s c a t t e r e d  p la g io c la se  pheno­
c r y s t s  and resembles some of the P u rc e l l  lavas  in hand specimens. I t  i s  
conce ivab le  t h a t  the magma in t h i s  s i l l  broke through a loca l  f i s s u r e  and 
was ex t ruded  as a lava  f low.
M e ta d i o r i t e  was found on t a l u s  s lopes  near  the  Big Creek Mine in the 
southweste rn  corner  of  the map a rea ,  but i t s  source was not  l o c a t e d .  Hand 
specimens of  t h i s  m e ta d io r i t e  are very  s i m i l a r  to  the rock type of the Young 
Creek s i l l .
STRUCTURAL GEOLOGY
The s t r u c t u r e  of the NW 15-minute Ural quadrangle  i s  g e n e t i c a l l y  r e ­
l a t e d  and comparable to the r e g io n a l  s t r u c t u r e  of northwes tern  Montana, and
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i s  r e l a t i v e l y  simple in  form. I t s  primary s t r u c t u r a l  elements a re  a broad 
n o r th - n o r th w e s t - t r e n d in g  s ync l ine  on the west and a p a r a l l e l  a n t i c l i n e  on 
the  e a s t .  Severa l  minor f a u l t s  have been mapped. Recogni t ion of  f a u l t s  
in t h i s  area  depends almost e n t i r e l y  on the apparent  d isplacement  of  s e d i ­
ments .  However, f o r  the most p a r t ,  the l i t h o l o g i e  u n i t s  of  Bel t  s t r a t a  
a re  so homogeneous t h a t  marker hor izons  are e s s e n t i a l l y  l im i t ed  to  
fo rm at iona l  boundar ie s ,  which are  r e l a t i v e l y  few in number. Thus, many 
f a u l t s  with d i sp lacem en ts  of s ev e ra l  hundred f e e t  may have gone unnoticed 
because of the lack of  s i g n i f i c a n t  marker ho r izo n s ,  the p a u c i ty  of  ou tc rops ,  
and the absence of the  usual  c r i t e r i a  t h a t  sugges t  the presence of  a f a u l t .  
Locally. ,  in t e n s e  shea r ing  and anomalous a t t i t u d e s  o f  s t r a t a  were noted,  
but  t h e i r  s t r u c t u r a l  im p l i c a t i o n  could not  be dec iphered .
Folds : The sync l ine  t r e n d s  N 20° W fo r  most of  the length of  the map
a rea  and i s  approximate ly  8 m i les  wide. I t  i s  very s l i g h t l y  asymmetrical  
to  the e a s t  with d ip s  on e i t h e r  f l a n k  averaging 10 to  20 degrees .  The 
fo ld ,  which d ie s  out i n t o  s l i g h t l y  undula t ing  R a v a l l i  sediments to  the 
south ,  plunges g e n t ly  northward in to  Canada, thus  exposing s u c c e s s iv e ly  
younger sediments from south to n o r th .  A complete s e c t i o n  from upper 
P r ichard  to  the Shepard format ion over ly ing  the P u r c e l l  lavas  i s  exposed 
on the  west f l ank  and in  the trough of the s y n c l in e .  The west f l a n k  of 
t h i s  sync l ine  i s  the common e a s t  f lank  of a n o r th - n o r th w e s t - t r e n d in g  a n t i ­
c l i n e  occurr ing  j u s t  west of the map a rea .  The P r i c h a rd  format ion  i s  
exposed in  the core of  the a n t i c l i n e .
The e a s t  f lank  of  the sync l ine  i s  the common f lank  of the no r ths  
n o r th w e s t - t r e n d in g  nor thward-p lunging  a n t i c l i n e  t h a t  occurs in the n o r th ­
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e a s t  corner  of  the map a re a .  The a x i a l  plane of t h i s  fo ld  d ip s  s t e e p l y  
to the west and i t s  e a s t  f lank  d ips  eas tward from 25 to 4 0  deg ree s .  The 
c r e s t  of  the  a n t i c l i n e  i s  o f f s e t  by a l o n g i tu d in a l  normal (?) f a u l t  with 
the downthrown block on the west .  P r o j e c t i o n  of l im i ted  da ta  sugges ts  t h a t  
the ax is  of  the a n t i c l i n e  i s  probably  d i s p la c e d  to  the e a s t  on the north  
s ide  of  a t r a n s v e r s e  f a u l t  p a r a l l e l i n g  Dodge Creek. Erosion has exposed 
the  P r i c h a rd  format ion in the  core of  the fo ld  e a s t  and south of the mouth 
of S u l l i v a n  Creek.  The Wallace format ion  occurs  on the nor thward-plung ing 
nose of the a n t i c l i n e .
F a u l t s : The high angle re v e r s e  f a u l t  mapped in the southwestern co r ­
ner  of the map area  i s  the northward c o n t in u a t io n  of  a la rge n o r th - t r e n d i n g  
f a u l t  t r a c e d  fo r  seve ra l  mi les  by Johns (persona l  communication) in the 
SW 15-minute Ural quadrang le .  The f a u l t  zone, approximately 300 yards  
wide, i s  well exposed in the n o r th w e s t - t r e n d in g  r idge  nor th of Big Creek 
and i s  c h a r a c t e r i z e d  by an apparent  s teep  westward d ip ,  the s teep  eastward 
d ip  (50 to  70 degrees)  of  P r ichard  s t r a t a ,  and in ten se  v e r t i c a l  to s teep  
wes t -d ipp ing  cleavage f r a c t u r e .  A small o u t l i e r  of basal  R ava l l i  sediments 
occurs on the c r e s t  of  the r idge  and appears  to  be in  f a u l t  co n ta c t  (up- 
thrown block on the west) with sediments of the t r a n s i t i o n a l  zone between 
the P r i c h a rd  format ion and the Rava l l i  group.  Considering t h i s  s t r a t i g r a p h i e  
r e l a t i o n s h i p ,  i t  i s  doub tfu l  t h a t  d isp lacement on the f a u l t  a t  t h i s  po in t  
exceeds 500-600 f e e t .  Numerous sharp,  v e r t i c a l l y  d iscon t inuous  minor 
f o ld s  occur west of the f a u l t  zone, i . e . ,  on the  hanging wal l ,  and are 
a t t r i b u t e d  to  the conipressional fo rce s  which formed the f a u l t .  In c ro s s -  
s ec t ion  the  s t r a t a  in and ad jacen t  to the  f a u l t  zone are monoclinal  in
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form i n d i c a t i n g  th a t  the f a u l t  may d ie  out  northward.  This  f a u l t  could 
not  be t r ac ed  northward because of the th ick  mantle of  s o i l  and g l a c i a l  
d e b r i s ,  al though the l i n e a r i t y  of  the Basin Creek and Good Creek d ra inages  
sugges ts  t h a t  the weakness zone may p e r s i s t .
The lo n g i tu d in a l  f a u l t  p a r a l l e l i n g  the a n t i c l i n a l  c r e s t  in the n o r t h ­
e a s t  corner  of  the map area  i s  i n f e r r e d ,  i . e . ,  i t  was not a c t u a l l y  observed 
in  the  f i e l d .  However, th e re  i s  c ons ide ra b le  evidence fo r  i t s  e x i s t e n c e :
(1) A r e l a t i v e l y  abrupt  change in  the a t t i t u d e  of  R ava l l i  s t r a t a  exposed 
on Young Creek and Dodge Creek occurs over a sho r t  d i s t a n c e  (P I .  1) .
(2) Recent t r a v e r t i n e  d e p o s i t s  of  hot  sp r ing  o r ig i n  occur on the f a u l t  
t r a c e  j u s t  nor th  of  where i t  c ro s se s  Young Creek.  Cold sp r ings  s t i l l  
e x i s t  a t  t h i s  l o c a l i t y .  (3) The basa l  green a r g i l l i t e  member of the Wallace 
formation appears to have been fo lded over the ax is  of the a n t i c l i n e ,  
al though the Wallace format ion does not  occur on what normally wou’ld be the 
e a s t  f l an k  of the fo ld .  Based on s t r a t i g r a p h i e  r e l a t i o n s h i p s  a lone ,  the 
i n f e r e n c e  i s  t h a t  a f a u l t ,  downthrown on the west with cons ide rab le  
v e r t i c a l  d isp lacem en t ,  e x i s t s  ( see  c r o s s - s e c t i o n  A-A*, PI.  1).  (4) Leech
(1960,  Map 11-1960) i n f e r s  a f a u l t  along the northward p r o j e c t io n  in Canada. 
Normally,  the f a u l t  would be expec ted  to p a r a l l e l  the axis  of the f o l d .  
However, the P r i c h a r d - R a v a l l i  con tac t  was thoroughly examined e a s t  of  the 
map a rea  and no f a u l t  d isp lacement of  the magnitude implied by s t r a t i g r a p h i e  
r e l a t i o n s h i p s  was found, al though minor f a u l t s  e x i s t .  Thus, the southward 
p r o j e c t i o n  of t h i s  f a u l t  i s  a r b i t r a r i l y  p laced .  Anomalous a t t i t u d e s  in 
l o c a l  hydro therm ally  a l t e r e d  (?)  R a v a l l i  s t r a t a  were noted on the Boulder 
Creek road.  Li Ice tiie t r a v e r t i n e  d e p o s i t  on Young Creek, these  a l t e r e d
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sediments may be on the f a u l t  t r a c e .
The in f e r r e d  n o r th -n o r th w e s t - t r e n d in g  f a u l t  in the extreme n o r th e a s t e r n  
corner  of the map a rea  i s  a p r o j e c t i o n  of  a f a u l t  mapped by Leech (1960,
Mqp 11-1960) and Sommers (pe rsona l  communication) in ad jacen t  a r e a s .  This 
f a u l t  d e l i n e a t e s  the wes te rn  edge of the Rocky Mountain Trench in t h i s  a rea .  
Outcrops i n d i c a t i n g  t h a t  the  middle b lue -g ray  l imestone un i t  of the Wallace 
format ion  i s  f a u l t e d  a g a i n s t  the Raval l i  group were examined by the w r i t e r  
a t  a p o in t  j u s t  e a s t  of the map area  on Dodge Creek.  The f a u l t  i s  down- 
thrown on the e a s t  through a minimum s t r a t i g r a p h i e  d i s t a n c e  of  2 ,000  f e e t .
The t r a n s v e r s e  n o r t h e a s t - t r e n d i n g  f a u l t  t h a t  p a r a l l e l s  Dodge Creek i s  
mapped on evidence  based l a r g e l y  on the abrupt  change in the a t t i t u d e  of 
the Rava l l i  sediments exposed in cu ts  along the Dodge Creek road .  The 
s t r a t a  a b ru p t ly  change from a p e r s i s t e n t  N 20° W s t r i k e  and 35® E d ip  
south of the f a u l t  to a p e r s i s t e n t  N 60® E s t r i k e  and 10® S dip  no r th  of 
the f a u l t .  The ou tc rops  n e a r e s t  the f a u l t  are approximate ly  200 yards 
a p a r t .  J u s t  e a s t  of the map area  the R a v a l l i  group on the south r e s t s  
a g a i n s t  the down-fau lted  b lu e -g ra y  l imes tone  u n i t  of  the Wallace format ion 
on the n o r th .  The f a u l t  a p p a re n t ly  d i e s  out  r a p i d l y  to  the southwest  as 
t h e re  i s  no d i s c e r n a b l e  d isp lacement of  the Raval l i ^P iegan  c o n t a c t .
Severa l  small v e r t i c a l  n o r th w e s t - t r e n d in g  f a u l t s  o f f s e t t i n g  the 
P u r c e l l  lavas  have been mapped. The maximum d isp lacement on the se  f a u l t s  
i s  approximate ly  450 f e e t  and occurs on the  t h i r d  f a u l t  north of Robinson 
Mountain ( see  P I .  1) .  The f a u l t s  would not  have been recognized  in the 
absence of the  lavas  as a marker horizon and cannot be traced  over long 
d i s t a n c e s .
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J o i n t s  ; The Bel t  sediments in the map area  con ta in  a complex j o i n t  
system which,  f o r  the most p a r t ,  i s  probably r e l a t e d  to Laramide deformat ion .  
However, t h e r e  i s  conc lus ive  evidence  t h a t  r eg io n a l  warping produced J o i n t s  
o f  pre-Laramide age.  Pronounced co n ce n t ra t io n  of hydrothermal (?) magnet i t e  
oc tahedra  was noted on numerous j o i n t  su r faces  in R ava l l i  sediments .  These 
j o i n t s  are c l e a r l y  p r e -m a g n e t i t e .  The magneti te  i s  assumed to have formed 
dur ing  the r e g io n a l  s t a t i c  metamorphism of the Bel t  sediments.  The uncon­
fo rm i ty  a t  the top of the P u r c e l l  lavas  c e r t a i n l y  i n d i c a t e s  t h a t  r e g io n a l  
warping occurred dur ing  B e l t i a n  t ime,  and some j o i n t i n g  may be r e l a t e d  to  
t h i s  u p l i f t ,
ECONOMIC GEOLOGY
From an economic p o in t  of view, the NW 15-minute Ural quadrangle w i l l  
be bes t  remembered fo r  i t s  v i r g i n  s tands  of  merchantable t imber,  al though 
both m e t a l l i c  and no n -m e ta l l i c  mineral  d e p o s i t s  occur .  The lumberman owes 
h i s  l i v e l i h o o d  to the th ick  mantle of  g l a c i a l  d e b r i s  t h a t  so e f f e c t i v e l y  
conceals  the q u a r t z  ve ins  t h a t  the p ro s p ec to r  i s  co n t in u a l ly  hun t ing .
Perhaps the most e f f i c i e n t  method of p ro sp ec t in g  t h i s  area  would be to 
i n s p e c t  a l l  the bulldozed  skid t r a i l s  and logging roads t h a t  have been or 
w i l l  be c o n s t ru c t e d .  Geochemical p ro s p e c t in g ,  i . e . ,  a sys tem at ic  chemical 
a n a l y s i s  of  s tream water  and s o i l s ,  may aid the more d i l i g e n t  p r o s p e c to r s .  
However, cons ide r ing  the scant  m i n e r a l i z a t i o n  observed,  the re  i s  very l i t t l e  
to encourage methodica l  p ro spec t ing  in the map a r e a .  Assays of rock and ore 
samples were furn^sed by the Montana Bureau of Mines and Geology.
M e t a l l i c  Ore D e p o s i t s : Known ore d e p o s i t s  in the map area are l im i ted
to the Big Creek Mine and a few smal l ,  undeveloped qua r tz  v e in s .  None of
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the ore d e p o s i t s  appear to  be economical ,  al though a d d i t i o n a l  p ro spec t ing  
on Young Creek and on the r id g e  nor th  of Caribou Creek may be w or th -while .
Big Creek Mine; The Big Creek Mine c o n s i s t s  of  a 300-foot  a c c e s s i b l e  
a d i t  d r iven  on a small q u a r t z  vein in the P r icha rd  fo rmat ion .  The p o r t a l  
of  the a d i t  i s  loca ted  about 150 f e e t  above the North Fork of  the Big Creek 
some 100 yards  west of  the F o re s t  Serv ice  guard s t a t i o n  in t h e  southwest 
corner  of  the map a re a .  The ve in ,  which occupies a small f a u l t  j u s t  west 
of  the major shear zone of the high angle reve rse  f a u l t ,  pinches and swell s  
from l e s s  than an inch to a maximum of 18 inches in width .  For the g r e a t e r  
p a r t  of  i t s  length  the q u a r t z  vein i s  b a r ren .  However, where the vein 
t h i n s  to 1/4-3 inches  wide and e v e n t u a l l y  pinches out e n t i r e l y  near the 
f ace  of  the a d i t ,  i t  c o n ta in s  a p p rec iab le  amounts of  galena and m arcas i te  
and minor amounts of s p h a l e r i t e ,  p y r r h o t i t e  and n a t iv e  s i l v e r .  A channel 
sample taken f o r  25 f e e t  along the s t r i k e  of the vein a t  t h i s  p o in t  rpn 
7.3% lead ,  1,7% z in c ,  0.1% copper,  5.1 ounces per ton of s i l v e r  and a 
t r a c e  of go ld .  A t r a c e  of  g a lena ,  p y r i t e  and s i d e r i t e  was noted in a 
p ro s p ec t  p i t  dug on the su r face  exposure of  the qua r tz  ve in .  There i s  
no known h i s t o r y  of  p roduc t ion  from t h i s  p ro p e r ty .
M isce l laneous  ore d e p o s i t s ;  Two sho r t  a d i t s  have been d r iv en  in a 
bar ren  q u a r t z  vein loca ted  high on the r idge  (NW 1/4 sec .  27, T. 35' N.,  R, 
3 0 W.) j u s t  nor th  of the Big Creek Mine. The vein i s  in the s t rong  shear  
zone of  the n o r th - t r e n d in g  high angle r e v e r s e  f a u l t  and i s  s t r o n g ly  sheared 
by p o s t - v e i n  movement along the f a u l t .  Quartz found a t  a cabin a shor t  
d i s t a n c e  from the vein conta ined  a t r a c e  of gold ,  s i l v e r  and lead .
C h a lco p y r i t e ,  m a lach i te  and t e n o r i t e  di sseminated  throughout s t r i n g e r s
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co a r s e -g ra in e d  sandstone in te rbedded  with a r g i l l i t e  in the upper hor izons  
of  the R a v a l l i  group was noted in a cut (Nl  ̂ 1/^ sec.  20, T. 37N.,  R. 2ÔW., 
on the South Fork of  Young Creek road .  A grab sample ran 0.5% copper,  0.6, 
ounces per  ton of  s i l v e r  and a t r a c e  of  gold .  The m i n e r a l i z a t i o n  was exposed 
dur ing  b u i ld in g  of the road and has been developed by a small p ro s p ec t  p i t .
Vein q u a r t z  con ta in ing  t r a c e s  of  ga lena ,  c h a l c o p y r i t e ,  p y r i t e  and 
n a t i v e  s i l v e r  was noted on a skid t r a i l  on the south s ide  of Young Creek 
in  the  SE 1/4 sec .  14, T. 3 7 n, , R. 29 W. The q u a r tz  i s  about 2-4 inches  
t h i c k  and appears  to be coming from a shear  zone exposed in the road c u t .
The a c tu a l  vein was not observed .  A s e l e c t e d  sample of quar tz  conta ined  
0.1% copper,  0.8% lead ,  0 .5  ounces per  ton of  s i l v e r  and 0.005 ounces per  
ton of  go ld .
Seve ra l  small n o r t h - t r e n d in g  q u a r t z  ve ins  averaging le s s  than 12 inches  
wide were noted in the Shepard formation exposed in road cuts  on the north  
s ide  of  the e a s t - t r e n d i n g  r idge  north  of  Caribou Creek (S 1/2 sec .  2, T. 3 J ' N .  , 
R. 30 W.), M in e r a l i z a t i o n  i s  l im i ted  to t r a c e s  of  galena,  c h a l c o p y r i te  and 
p y r o l u s i t e .  No sampled vein contained  more than 1% manganese, with the 
average being somewhat l e s s .  A l a r g e r  vein was developed by e a r l y  p ro s ­
p e c t o r s ,  but  a l l  workings are now i n a c c e s s i b l e .
Exposed a t  the top of  the lower P u r c e l l  lava f low in the g l a c i a l  ci rque 
wall  immediately west of  Geneva Lake i s  a 6 - t o  18-inch th ick  hor izon  of lava 
and q u a r t z i t i c  a r g i l l i t e  con ta in ing  magneti te  oc tahedra  in such abundance 
th a t  i t  would make low grade i ron  o re .  A grab sample of the ore ran 14.2%
FeO, 41.5% Fe20^ and 0.26% T i 0 2 . The magnet i t e  occurs in what may be the 
oxid ized  top of  a lava  f low. However, the apparen t  l im i ted  e x t e n t  of  t h i s
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horizon, and mining methods r e q u i r e d  fo r  a commercial opera t ion  do not  warrant  
exp lo i  t a t i o n .
N on-meta l l ic  D e p o s i t s : Non-meta l l ic  d e p o s i t s  i n v e s t i g a t e d  in the map
area  inc lude  q u a r t z i t e ,  l imestone  and clay ,  none of which appear to be of 
commercial q u a l i t y .  A few l i g h t - g r a y  to  white beds of f i n e - g r a in e d  q u a r t z i t e  
in the upper R a v a l l i  group con ta in  as high as 82?o s i l i c a  and 1.5/b i ro n .  This  
s i l i c a  con ten t  i s  not  high enough to be considered a m e t a l l u r g i c a l  grade,  
however. The more massive q u a r t z i t e  in upper R ava l l i  beds could be crushed 
and used as roadbed m a te r i a l  or  b a l l a s t .  A r e p r e s e n t a t i v e  sample of the 
b e t t e r  grade l imes tone  c o l l e c t e d  from the b lu i s h -g ra y  l imes tone  member of 
the Wallace format ion exposed assayed 35.2% SiO^, 8 . 8% AI2O3 , 2.3% Fe20g,
0.4% FeO, 7.0/O MgO, 22.5% CaO and 23.8% CO2 - S i l t y  l a c u s t r i n e  clay 
d e p o s i t s  along Young Creek were assayed fo r  t h e i r  alumina con ten t ,  which 
ranged from 8.4% to  12.2%. These c lays  are not of commercial g rade .
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